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Modern approaches to the teaching of science are outgrowths of
many years of science teaching, evaluation and foresight. At an age
when we are surrounded by numerous scientific breakthroughs, all stu¬
dents should possess a minimum literacy in the basic sciences that will
lead to the development and understanding of basic concepts in chemis¬
try. It is the contention of concerned educators that such a challenge
as presented in the "discovery" method of today's science courses will
motivate students to explore more advanced levels, sharpen their power
to think critically and reason inductively, broaden scientific interests
and develop masterful skills that can be channeled towards productive
careers in the sciences and related fields of endeavor.
Education in chemistry in secondary schools of the United States
has fallen progressively behind the accelerating pace of the develop¬
ment in the sciences itself. While our knowledge of chemistry has been
doubling since the 1920's, many of our high school textbooks on chemis¬
try have barely emerged from the nineteenth century.^
Until as recently as 1959, more often than not, work in the high
school laboratory had little relevance to the rest of the course and
^A. H. Livermore and F. L. Ferris, "Chemical Bond Approach in
the Classroom," Science. CXXXVIII (December, 1962), 1077,
1
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was conducted in "cookbook fashion,"^ The few schools that offered
laboratory experiences for individual students were, for the most part,
guilty of subjecting students to laborious exercises which met on a
formalized and rigid "twice-a-week" schedule with the task of "writing
up" experiments merely by filling in the blank spaces in sentences sug¬
gesting answers. Aside from this inadequacy, the exercise came either
too soon or too late, in relation to the textbook’s content, to con¬
tribute their maximum to the production of understanding,2
On the other hand, the new approach provides the students with
opportunity to practice such aspects of scientific behavior as the
withholding of judgments until sufficient data are available generaliz¬
ing only within the data provided and showing a willingness to alter
O
opinions and judgments in the light of new evidence.-^
It is probably not surprising to know of the long time lapse
between the inadequate features of chemistry instruction and the rising
method as described by Boeck, The idea of laboratory instruction was
imported from Germany by the German chemist Justus Liebig in his labora¬
tory at Geissen where he began to teach his students by the assignment
of laboratory space and individual experiments,^
^Ibid,
^Clarence H. Boeck, "The Laboratory Approach to Science Educa¬
tion," Education, LXXX (September, 1959), 23,
%bid.
^G, Osborn, "Chemistry in the Secondary Schools of America: A
Historical Treatment," School Science and Mathematics. LX (November,
1960), 622.
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In 1867, the American chemist Ira Remsen, after having studied
in Munich under Justus Liebig, returned to America and became the first
college chemistry professor patterning his instruction after the labora¬
tory method.^ It was not until 1870 that chemistry eventually became
a requirement in accredited high schools and these were "cut-down" pat¬
terns of college chemistry. In 1913, the National Education Association
appointed a commission on the "Reorganizing of Secondary Education"
which was completed by 1920. Similar studies began to take hold such
as the National Society for the Study of Education (NSSE) whose reports
stressed the impact of science on human affairs and indicated that
science courses should be organized around scientific principles and
important generalizations. The greatest contribution was to organize
subject matter and learning experiences around the laws and the theories
of pure science.
The NSSE reports provided impetus for lessening the influence of
the universities upon the high school and initiated the precedent of
forming their own curricula and writing their own textbooks. However,
this freedom from the universities created a lag between high school
and college. By the 1950's the United States had reached such a
serious state that science educators realized the need to rectify the
situation.^ It was at this time that the National Science Foundation's
(NSF) projects to improve chemistry were launched. In 1958, a group at
Reed College met and decided to experiment with a course based on chemi-
^Ibid., p. 623.
^Livermore, op. cit.. p. 1077.
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cal bonding as a central theme. This was an attempt to rectify the
committee's findings that chemistry was being taught as a collection of
topics presented in any order and as general facts presented in an
authoritative and didactic manner with lack of unity and sequence. The
Chemical Bond Approach (CBA) was an effort to realize one of this com¬
mittee's recommendations that high school chemistry should be given a
central theme.^ Two years after CBA emerged, work was begun at Harvey
Mudd College in Clermont on the CHEM Study program. Work continued
with revisions of the CHEM Study materials at the University of Cali¬
fornia at Berkeley until it reached its present status. In his article
describing the new chemistry curricula, Goldberg stated:
The student is allowed to discover many of the fundamental
ideas and relations himself and to discuss them in a labora¬
tory context with his classmates rather than to read about
them or hear about them described as things that can be
observed,2
Whereas neither of these approaches to the teaching of chemistry
is the ultimate in chemistry curriculum development, they are steps
towards the much needed "face-lifting" of the teacher-centered, tradi¬
tional courses. With more emphasis being placed on the student-
centered classroom, no longer need the chemistry course be tradition-
alized in a non-functional chalk-talk way having the textbook as the
principal tool of learning.
Science teachers today are well aware of the fact that their
^Livermore, op, cit., p. 1078.
O
H. P, Goldberg, "An Eclectic View to Current Chemistry Curricu¬
lum Studies," School Science and Mathematics. LXIII (December, 1963),
770.
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students should be doing science rather than reading about or discuss¬
ing science. Because, by definition, science involves methods and
attitudes as well as content, the doing is the crucial and unique aspect
of science teaching,^
In his philosophy of science education. Dr. Edward K. Weaver,
Dean of the School of Education at Atlanta University, pointed out,
. too many of our people are apparently unable to perform the kind
of thinking and acting required for solution of our problems. . .
Hopefully, the findings of this study will reveal more evidence that
points us to the most effective method of teaching for a given group
of students with certain abilities that will help them to reach their
optimum level of thinking and acting, not only in the chemistry class¬
room or laboratory, but in this ever changing world society of which
they are a part.
Evolution of the Problem
The idea of this problem evolved from the researcher's curiosity
concerning the effectiveness of the CHEM Study course as compared with
that of the traditional chemistry course when taught to students of
average ability, inasmuch as the course is generally geared and more
often offered to the accelerated students. The problem became a con¬
cern of the researcher while she was engaged in a preparatory course in
the teaching of the CHEM Study curriculum.
^Clarence H. Boeck, op, cit.. p. 21.
2
Edward K. Weaver, "Philosophy For a Sound Science Education
Program," Education. LXXX (September, 1959), 9,
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The project called CHEM Study was organized and directed by a
Steering Committee of nationally known teachers and pre-eminent scien¬
tists from a variety of chemical fields under a grant from the National
Science Foundation. The first textbook was completed in the summer of
1960. The title. Chemistry—An Experimental Science, states the theme
of the course.
Basically, the differences between traditional courses and the
CHEM Study course are the shift from descriptive chemistry toward a
more extensive laboratory method, the provision of an opportunity to
delete obsolete terminology and out-moded materials, and a medium
through which the changes in chemistry over the last two decades might
be presented.^
It was the aim of the researcher to investigate whether or not
the student of average ability can benefit significantly when exposed
to the CHEM Study approach. She further expected to test the claim
maintained by authorities that with modern approaches to the teaching
of science students learn more readily and gain a better understanding
of scientific principles and concepts.
Contribution to Educational Practices
At a time when science is molding our era, nothing could be a
more important part of our education. Every phase of our daily lives
is affected by the fruits of science and scientific activity. Chemis¬
try then, being an integral part of the broader area called science,
^G. C. Pimental, ed.. Chemistry—An Experimental Science (San
Francisco; W. H. Freeman and Company, 1963), p. vii.
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enhances our knowledge of scientific activity. CHEM Study presents
chemistry as it is today; it does so by placing emphasis upon the most
effective and enjoyable part of chemistry-experimentation,^
The youth of today are already fascinated with the influence of
chemistry on the world as exemplified through mass media such as tele¬
vision, radio, the press, books—including science fiction and comics--
and others. This generation is experiencing a great scientific awaken¬
ing. Therefore, it is proper and fitting that teachers of science, and
other educators as well, concern themselves with keeping alive the
awareness and interests of our boys and girls by providing for them the
most effective method of instruction.
In addition to these more general aims, the writer hoped that
the findings would indicate the following contributions to educational
practices;
1, That intensive laboratory methods of the inductive nature
will appeal more to students in keeping them interested
in chemistry,
2, That students will tend to form the habit of questioning
scientific phenomena and of seeking understanding rather
than blindly accepting assertions made by the teacher or
in the text.
3, That an xinderstanding of chemical principles and concepts
will proceed out of the students* actual experimentation
and observation.
4, That the need for up-dating the traditional laboratory
method and revising the traditional textbooks be realized
by readers of this study if so warranted by its findings,
5, That this study will help to reveal the need for further
research to develop the kind of curriculum that will pro-
Ipimental, op, cit.. p. v.
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vide a greater challenge and a stronger stimulus for higher
levels of aspirations and achievement on the part of the
students in chemistry.
Statement of the Problem
The problem of this study was to ascertain significant differ¬
ences, if any, between the students' achievement in chemistry when
taught by the traditional method and the achievement in chemistry of
those taught by the CHEM Study method. Special attention was given to
the determination of the significant differences, if any, between the
achievement of students with average ability and those with above
average ability when subjected to each method.
Statement of the Purposes
The purposes of this study were to test the following null hypo¬
theses :
1, There is no significant difference in achievement in chem¬
istry by students of average ability taught by the tradi¬
tional method and those students of average ability taught
by the CHEM Study method,
2, There is no significant difference in achievement in chem¬
istry by students of above average ability taught by the
traditional method and those of above average ability
taught by the CHEM Study method,
3, There is no significant difference in achievement by stu¬
dents of below average ability taught by the traditional
method and those of below average ability taught by the
CHEM Study method.
Definition of Terms
So as to assure the reader of correct interpretation of termi¬
nology used in this study, the following significant terms are defined:
9
1, CHEM Study or CHEMS - The abbreviated title of the Chemical
Education Material Study course, an introductory high school
chemistry course prepared under a grant by the National
Science Foundation,
2, The traditional method - The approach to instruction employ¬
ing the textbook question-answer-recitation pattern, limited
student experimentation of the deductive nature and teacher
demonstrations.
3, The CHEM Study method - The approach to instruction employ¬
ing intensive student experimentation of the inductive
nature with subject matter based on a central theme.
4, Laboratory method - The instructional procedure by which the
cause, effect, nature or property of any phenomenon is deter¬
mined by actual experience or experiment under controlled
conditions,^
a. Inductive - A method of study, research or argument
based on reasoning from particular cases to a general
conclusion, 2
b. Deductive - A method of study, research or argument
in which specific applications or conclusions are
derived from assumed or established general princi¬
ples,^
5, Average ability - Determined after securing and studying the
aptitude scores of all chemistry students in the population,
6, Above and below average ability - Determined relative to
the range of scores set as average.
Limitations of the Study
This study was limited in that it involved students in only one
metropolitan high school and, therefore, has inference only for that
school or others of similar population.
^Carter V. Good, et al., Dictionary of Education (New York;




Locale of the Study
This study was conducted at the John Harris High School in
Harrisburg, Pennsylvania. The student population was 1,580 consisting
of thirty-five per cent black students and sixty-five per cent white
students. There were eight chemistry classes, one of which was a CHEM
Study class. The total enrollment of chemistry students was two
hundred eighty.
Harrisburg is the state capital; it is a growing industrial city
with a population of 75,000. The citizens are twenty-five per cent
black, seventy-two per cent white and three per cent of other races.
Period of the Study
The study was conducted during the school term 1968-69, begin¬
ning in September and ending in May. The subjects were selected, pre¬
tested, and grouped during the first quarter. The actual experimental
period extended from the second quarter through the fourth quarter. The
data obtained at the end of the fourth quarter were used for the final
analyses.
Description of the Population
The population consisted of chemistry students at the John
Harris High School in the School District of Harrisburg, Pennsylvania.
It included two classes of twenty-nine students, boys and girls, from
the eleventh grade, predominately. Some students from the twelfth
grade who selected chemistry as an elective were involved in the study.








Description of the Instruments
The intelligence of the students used as a basis for sub¬
grouping was determined from the students' performances on the follow¬
ing test which was administered at the beginning of the experimental
period;
Differential Aptitude Test (DAT). Form L was developed to pro¬
vide an integrated, scientific and well-standardized procedure
for measuring the abilities of boys and girls in grades eight
through twelve.1 Aptitude may be defined as a condition or set
of characteristics regarded as sjnmptomatic of an individual's
ability to acquire with training some knowledge, skill or set
of responses , , Included in the battery of DAT are the
following; Verbal Reasoning, Numerical Ability, Abstract
Reasoning, Clerical Speed and Accuracy, Mechanical Reasoning,
Space Relations, Language Usage-I (Spelling) and Language
Usage II (Grammar), The first two parts were used for this
study. A large body of experimental evidence substantiates the
belief that the DAT Verbal Reasoning and Numerical Ability tests
do, in fact, measure what is measured by intelligence and scho¬
lastic aptitude tests and are effective predictors of future
academic performance,^
The pre-test administered in September was the;
A.C.S.-N.S.T.A. Cooperative Examination-High School Chemistry,
Form 1967 - Parts I and II. This test was developed by the
American Chemical Society and the National Science Teachers
^George K. Bennett, Harold G. Seashore, and Alexander G. Wesman,
Manual for the Differential Aptitude Tests (4th ed.; New York; The




Association cooperatively to measure achievement in first year
high school chemistry. All eighty of the questions are multi¬
ple choice and have five options. ' . . . changes are in line
with recent curricular developments,'^ 'The current trend in
chemical education toward concentration on relatively few but
central concepts, principles and theories rather than on a wide
range of descriptive matter is well represented.'2
The same test was administered in May of 1969 to measure
achievement in chemistry at the end of the experimental period.
Method of Research
The experimental design was used. The parellel or equivalent
group was utilized in matching the control and experimental groups.
Research Procedures
Operational Steps
The study was made thusly;
1. Permission to conduct this study was obtained from the
proper school authorities,
2. The related literature pertinent to the study was sur¬
veyed and reported in the Proposed Thesis Outline,
3. The Proposed Thesis Outline was presented to the faculty.
4. The subjects were selected and placed in two groups. One
served as the control group and was taught by the tradi¬
tional method. The other, the experimental group, was
taught by the CHEM Study method,
5. The courses of study for the two methods were prepared,
6. Both groups were oriented as to the nature of the study.
7. The pre-tests were administered to both groups.
^Fifth Mental Measurement Yearbook,
(Highland Park, New Jersey: Gryphon Press,




8. The study was conducted using the course content and
laboratory work prescribed for each method, respectively.
9, The post-tests were administered to both groups.
10. Data were organized, analyzed and reported statistically.
11, A summary of the findings was made. Implications, con¬
clusions and recommendations were formulated in accordance
with the findings.
Selection of the subjects
The cumulative record folders of the students enrolled in chem¬
istry were studied by the researcher to examine their intelligence
quotients. Inasmuch as the records did not reveal recent intelligence
scores by a common measuring instrument for all subjects, the researcher
decided to administer the test described under Pre-testing as a substi¬
tute. Two classes of thirty-two students were selected and matched by
equating groups on the basis of the aforementioned variables. Of the
thirty-two, twenty-nine subjects completed the study in each group due
to student drop-outs and/or transfers.
Orientation of the subjects
Both groups were oriented as to the nature of the study. The
guidance department provided its services in preparing the students
for the taking of the standardized tests.
Pre-testing
The two tests listed under Description of Instruments were
administered in September, 1968,
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Instructional methods
Both classes proceeded normally using the prescribed textbooks
and laboratory manuals for the traditional and CHEM Study courses,
respectively. The traditional group used as a basic textbook. Modern
Chemistry by Metcalfe, Williams and Castka of the Holt Chemistry
Program. The third edition of Chemistry; An Experimental Science pre¬
pared by the CHEMS committee was used by the CHEM Study group as its
basic textbook. Both groups participated in enrichment activities such
as field trips, science projects, supplementary reading, et cetera.
Audio-visual aids were encompassed as a functional part of instruction.
The special CHEM Study film series were used with the experimental
group. The control group viewed films recommended for traditional
courses in chemistry.
Post-testing
The measuring device listed under Description of Instruments
was given to both groups at the culmination of the fourth quarter in
May, 1969.
Analyzing the data
Data were compared for the traditional and the CHEM Study
groups to determine significant differences, if any, between the
achievement of the two groups with regard to sub-groups of average,
above average and below average abilities. The data consisted of the
raw scores derived from the students' performances on the instruments
used. The total scores were analyzed statistically through the compu¬
tation of the mean, standard deviation, standard error of the differ-
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ence of the mean and Fisher's "t". Calculations and analysis of "t"
was made for the values at the one per cent level of confidence and
the degrees of freedom given by the formula, N-1, for each sub-group
under comparison.
Reporting the findings
The data are reported herein by the use of summaries and tables.
The acceptance or rejection of the null hypotheses was made in confor¬
mance with the results of the t-ratio test. Persuant to these findings,
certain conclusions, implications and recommendations have been made
and presented.
Survey of Literature
Pursuant to a review of literature pertinent to this experimen¬
tal study, the researcher presented the findings of educators and other
investigators as follows;
1. Introduction
2. Evaluation of Science Teaching Today
Purposes of Science Teaching
Practices of the Traditional and Modern Methods
Contribution of Laboratory Work
3. Findings of Research on CHEM Study
Introduction
Today's schools are properly charged with the responsibility
of meeting the needs of all the youth that attend them. However, the
curricular of our schools have long been under attack as being poorly
adapted to meeting these needs. As a result of this realization.
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numerous research studies have been made in an effort to discover the
weaknesses of our schools and to make basic revisions that will better
assess the goals of education in general.
Rapid development in fields of science and technology in recent
years has focused the attention of responsible persons and agencies upon
science education that led to efforts to improve science instruction.
The federal government, business and industrial groups, and professional
societies have concerted their efforts to facilitate the improvement of
the science program.
Within the last decade, the National Science Foundation has
sponsored many curricular revision projects; two of these projects con¬
cerned the area of chemistry. These have become known as the Chemical
Bonda Approach (CBA) 1957, and the Chemical Education Material Study
(CHEMS) 1959. These projects, carried on almost simultaneously were
in response to widespread demand for changes in the high school science
courses, particularly in chemistry.^
The literature which was reviewed will be summarized here as
explication to the reader of the outcomes of the work and findings
emanating from these projects.
Evaluation of science teaching today
In an attempt to react to the problem of up-grading the science
instruction, a committee was formed by the National Society for the
^Lloyd M. Bennett and Barbara K. Pyke, "A Discussion of the
New Chemistry Programs (CHEMS and CBA) and the Traditional Programs
in High Schools," School Science and Mathematics. LXVI (December,
1966), 823;
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Study of Education (NSSE) "to provide new emphases or directives to
current practice in science-teaching.The report of the committee
was published in the Fifty-ninth Yearbook. One of the questions posed
was, "What kind of instruction is needed for science courses?" In
response to its question the committee answered;
There is much concern about the way science is taught. Many
commonly used teaching procedures (traditional) offer little
promise of realizing such objectives of science-teaching as
the development of problem-solving ability, critical atti¬
tudes and an appreciation of science. Educators realize that
the improvement of instruction involves—
a, the better selection and use of means to develop con¬
cepts and ideas,
b. improved use of research-study procedures in learning
science,
c, the organization of instruction to provide practice
in the application of science theory, and
d. the use of methods and procedures that will develop
more pupil responsibility for learning,2
Purposes of science teaching.--Through the practical applica¬
tions of scientific discovery our civilization is undergoing constant
change. In turn, these changes bring about situations which threaten
the well-being of future generations. The welfare of our civilization
is now almost wholly dependent upon scientific progress. Society must
respond with adequate and intelligent control,^
With this in mind, the purposes of teaching science stem from
the basic philosophies of a sound program in science education. A
^J. Darrell Barnard, Chairman, Rethinking Science Education.
Fifty-ninth Yearbook of the National Society of the Study of Education,
Part I (Bloomington, Illinois: University of Chicago, 1960), p. xiii,
^Ibid.. pp. 333-334.
^Barnard, op, cit.. p, 17.
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widely accepted philosophy is that of Dr, Edward K, Weaver in which he
maintains:
Our people believe that their system of free, universal, compul¬
sory education will produce intelligent, effective participant-
citizens. We must conclude, therefore, that science education
must be a discipline of the individual for intelligent, effec¬
tive participant citizenship.^
Good citizenship requires an understanding of science, A com¬
munity makes decisions on problems of roads, bridges, civil-defense
measures, sewage disposal or the water supply. The fluoridation of
drinking water, pollution of air and water, conservation of national
resources, flood and pest control, discovery and use of preventive
medicine and research for the cure of dreaded diseases are all areas
of concern which depend upon the kind of intelligent, effective partic¬
ipation by citizens which Dr. Weaver implied.
To this end, then, our educational system strives to fulfill
the purposes of providing quality education that will best equip our
boys and girls to assume these roles of decision making that our society
demands.
The proportion of college students majoring in chemistry and
other sciences is decreasing and in some places the total number of
science majors is going down.^
This is ironic since, among the academic discipline, the
sciences (chemistry in particular) are the most practical, the ones
^Edward K. Weaver, "Philosophy for a Sound Education Program,"
Education. LXXX (September, 1959), 9,
2
W. C, Fernelius and R. G, Rainey, "Emphasis in Chemistry: Two
Views," Journal of Chemical Education. XLV (April, 1968), 247,
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relevant to the well being of the world's peoples. The student needs
to be reminded of the many phases of life where chemistry is useful.
Tell a class that chemists are mounting an assault on the unknown and
it will yawn. Show how the atomic theory is as mighty as Shakespeare's
plays and they will tune you out. But show how chemistry helps fight
disease, hunger, poverty and pollution and then, maybe students will
come and listen,^
This is not to say that chemistry courses should emphasize pri¬
marily application; far from it. The basic principles of the sciences
are as important in practical chemistry as in research. Science is
useful and the future welfare of humanity will rely more than ever on
O
the use and understanding of science.
Practices of the traditional and modern methods,--Some of the
criticisms of the more traditional programs and the advantages of the
newer programs are brought to the attention of the reader at this point.
There are alleged defects, so far as the development of critical
thinking and scientific attitudes are concerned in the older programs.
The evidence, say the critics, is far from convincing that con¬
ventional programs have often achieved the goal of developing
critical thinking or even made notable progress toward it, . , ,
Every high school teacher of science will testify that the
majority of pupils can recite the successive steps, which the
textbook describes as the scientific method, without ability to
carry out even the simplest independent investigation,^




•^Will R, Burnett, Teaching Science in the Secondary School (New
York: Rinehart and Company, Inc,, 1957), p, 30.
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what is being done in our classrooms and in our laboratories. Again
the critics argue:
The conventional science teacher appears to feel somewhat honor
bound to cover the material of the text he is using. . . . This
has typically provided a heavy emphasis upon the acquisition of
facts rather than an emphasis upon increasing the power of stu¬
dents to obtain facts or to use them intelligently in making
decisions. Secondly, . . . conventional teachers often deal
with facts to the virtual exclusion of real problems. The
'problem* in conventional science teaching are ... textbook
problems, neatly identified, developmentally strait-jacketed and
badly answered under a single track. . . .^
According to the critics, the laboratories of the conventional
classes cannot be said to develop critical abilities or scientific
attitudes:
A student is sent to the laboratory to find, with inadequate
instruments, answers that he knows in advance. ... Thus
the laboratory is a place where students often engage in the
rather dubious game of checking as closely as they can
against the arbitrary and unchallengeable authority of
science.^
The usual chemistry is concerned almost completely with abstrac¬
tions. Pupils must memorize endless laws, principles, minor facts,
sjrmbols and formulas and equations. From the very beginning they are
drilled in chemical shorthand until they assume that formulas and equa¬
tions are chemistry, not merely a simplified way of expressing what is
O
known about chemistry."^
On the other hand, the modern approaches to the teaching of
science are planned to achieve what is doubtless the most fundamental
^Ibid.. p. 32.
^Burnett, op. cit.. p. 32.
3
W. A. Thurber and A. T. Collette, Teaching Science in the
Secondary Schools (Boston; Allyn and Bacon, Inc., 1959), p. 85.
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objective of the newer programs: developing in each student self-
direction, purposiveness, and power of independent attack on problems.
These modern approaches provide instruction designed to involve stu¬
dents in experiences that will teach them to handle their own problems
without a teacher or textbook beside them,^
Contributions of laboratory work,—Being inherent in the more
modern approaches to the teaching of the sciences, chemistry in particu¬
lar, an insight into the role that laboratory work plays in attaining
basic goals of science should present to the reader a more vivid picture
of the assets which these new curricular materials claim to possess.
As reported in the NSSE Fifty-ninth Yearbook, the response to
the question, "What should be the emphasis in laboratory work?", was;
Changing conceptions of the values and purposes of science
teaching have tended toward an increasing emphasis upon
laboratory work. The nature of the scientific enterprise is
found in the methods by which problems are attacked. There¬
fore, more attention should be directed to the processes or
methods of seeking answers in the laboratory rather than put¬
ting so much stress on finding exact answers. More time
should be spent by students in developing insights as to how
data may be processed and predictions made from them,^
Thurber and Collette stated, "The students gain practice in
recognizing and defining problems. Their ingenuity is challenged and
exercised in devising methods of attack. They become familiar with the
limitations of data and the need for caution in drawing conclusions,
and they develop the habit of critical thinking,"^
^Burnette, op, cit,, p. 34.
2
Barnard, op. cit,, p, 334,
O
Thurber and Collette, op, cit,, p, 106,
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The reader has already been given a historical account of the
introduction of laboratory work into the high school chemistry course.
Like other modern approaches to the teaching of chemistry, the CHEM
Study approach places great emphasis on laboratory work so that chemi¬
cal principles can be drawn directly from student experiences.
Findings and conclusions of the
CHEM Study
The CHEM Study material was first tried out in twenty-four high
schools during the 1960-61 academic year with 1,300 students partici¬
pating, During the first year, , , . some students did poorly, and
others did well. But in general, the evidence showed that the students
were interested and student attrition was no greater than usual. In
fact, drop-out rates for the courses were remarkably low, considering
the level of the material in comparison with the level of more conven¬
tional courses,^
In the summer of 1961, the second edition of the textbook, a
laboratory manual and a complete teacher's guide were completed at the
University of California at Berkeley. One hundred more teachers were
trained during that summer. During the second year, 13,000 students
were involved in the trial,
"For whom is the course appropriate?", is a question that arises
in regard to all of the new curricular material such as the Physical
Science Study Committee (PSSC), the Biological Science Curriculum Study
^J. A, Campbell, "Chemistry—An Experimental Science," The
School Review, LXX (Spring, 1962), 52,
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(BSCS) and others. Considering this question, the CHEM Study committee
affirmed:
The course is intended to be appropriate for all chemistry
students assuming that most of them are in the upper half of
the school population in academic ability. Analysis of CHEM
Study examinations results suggests the course does not dis¬
criminate unduly against lower ability students. High
student enthusiasm has been consistently reported.^
The first permanently bound version of the textbook was pub¬
lished in 1963 after the third revision. At the end of the third year,
evaluations were made on the 45,000 students in 560 high schools in 46
states who used the CHEM Study project materials in their chemistry
classes. The results of achievement testing during 1960-61 indicated
that both CHEM Study and CBA Students were attaining the objectives of
their respective courses reasonably well. The question that arose was,
"How well could the students of the new courses perform with respect to
the content of the traditional courses?
In a study made by Heath and Stickell during the 1961-62 school
year, experimental students, those taking either the CBA or the CHEM
Study course took the finals designed for them and also a traditional
chemistry achievement test. Control students took the traditional test
and also one or the other of the experimental tests. Eighty-seven
teachers and 7,000 students participated using the CHEM Study material;
sixty-nine teachers and 6,300 students used the CBA materials. The two
experimental teacher groups were stratified on the basis of geographic
^Richard J, Merrill, "Chemistry: An Experimental Science,"
Science Teacher. XXX (April, 1963), 30,
^Ibid
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region, community size, and sex of teachers. Two groups of control
teachers were chosen to match the two experimental groups.^
All the students took the following tests:
1. The School and College Ability Test. Form lA, Parts
I and II. commonly called SCAT, this test measures
scholastic ability.
2. The Cooperative Chemistry Test. Form Z. ". . .
covers the material taught in most high school chem¬
istry courses.
3. Either the CHEMS or CBA Final Achievement Examination.
"... based directly on the textbook and the labora¬
tory manual,"
SCAT was administered early in the school year; the other two
measures were obtained near the end of the year. Four comparisons of
the experimental and control students were planned; two with CHEMS
and two with CBA. These were:
1, Achievement of experimental and control groups on
experimental tests.
2. Achievement of the two groups on the traditional
tests.
There were virtually no differences between experimental and
the control groups on average SCAT scores,^
Summary data on all four comparisons are given in Table 1,
page 25.
CHEM Study and CBA students scored higher than the correspond¬
ing control groups on tests which were designed for them and the con-
%. W. Heath and David Stickell, "CHEMS and CBA Effects on




trol groups' scores were superior on the tests designed for traditional
courses,^
TABLE 1
RELATIVE ACHIEVEMENT OF THE CBA, CHEMS AND CONTROL









CHEMS Group 37,0 31,9 25.7
Control Group A 37,0 37.7 13.1
CBA Group 38,0 34.3 25.8
Control Group B 37,9 38.1 15.6
Rainey taught two groups of high school chemistry classes,
using conventional methods for one and CHEM Study for the other. The
CHEMS group had laboratory about three times a week and used the spe¬
cial films. The textbook for the conventional classes was Dull and
Metcalf's Modern Chemistry with laboratory about two times a week and
no films shown. The number of quizzes was as close to the same as
possible and laboratory notebooks were written up in the same manner.
Results were judged by performance of the students on the
following tests:
1, ACS-NSTA Cooperative Examination
2, Final CHEM Study Achievement Examination
Rainey found that, although there were some differences, they
were not large enough to be significant. The CHEMS group made better
^Ibid,. p, 46,
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scores on the CHEMS test and the conventional group did better on the
ACS-NSTA Cooperative Test. He found that the students using the con¬
ventional method turned in better laboratory reports but the CHEMS
students enjoyed their laboratory work more,^
In his unpublished thesis, Dennis Holloway, a graduate of
Atlanta University, reported the basic findings of his study involving
the comparison between twenty students using CHEM Study experiments and
twenty students using the conventional laboratory exercises. The sum¬
mary of the findings appear to warrant the following conclusions;
1. The experimental and control groups possessed similar
mental ability as far as total mental factors are con¬
cerned.
2. The group utilizing the open-ended experiments in
their laboratory work in chemistry did equally as well
in the area of Chemistry Arithmetic as the students who
used the conventional laboratory exercises,
3. The group utilizing the open-ended experiences in their
laboratory work in chemistry did equally as well in the
area of Application of Principles on the same test as
the students using the conventional laboratory exer¬
cises.
Holloway concluded, "There is no significant differences in
achievement of two selected groups of eleventh grade students when
they are taught chemistry by use of conventional laboratory exercises
as opposed to those being taught chemistry by the open-ended labora¬
tory approach,"^
^Robert G. Rainey, "A Comparison of the CHEM Study Curriculum
and A Conventional Approach in Teaching High School Chemistry," School
Science and Mathematics, LXIV (June, 1964), 539,
9
Dennis Holloway, Jr,, "The Effectiveness of Open-ended Experi¬
ments and Conventional Laboratory Exercises" (unpublished Master's
thesis, Atlanta University, 1966), p. 37.
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Goldberg contends that regardless of how the chemistry curric¬
ulum is altered, unique laboratory experiments devised and new text¬
books published, chemistry instruction is only as effective as the
teacher who presents it.^ The teacher should have an eclectic outlook.
He should be able to sift and choose those ideas that fit his teaching
style and competence,^
^Goldberg, op. cit., p. 770.
^Ibid.. p, 771,
CHAPTER II
ORGANIZATION, PRESENTATION AND ANALYSIS OF DATA
Recapitulation of the Basis of the Study
Education in chemistry in secondary schools of the United States
has fallen progressively behind the accelerating pace of the develop¬
ment in the sciences itself. While our knowledge of chemistry has been
doubling since the 1920's, many of our high school textbooks on chemis¬
try have barely emerged from the nineteenth century,^ In an era of
transplants of human hearts and of the historic first steps of man on
the moon, the necessity of keeping abreast of the ever-changing world
in which we live is most evident.
Until just a decade ago, little had been done to "face-lift"
the high school chemistry course and its laboratory work which had
little relevance to the rest of the course and was conducted in what
is often described as "cookbook fashion." Students engaged in labora¬
tory exercises on a rigid schedule and the rigid requirement of
"writing-up experiments" by simply filling in the blanks in sentences
already suggesting the answers. These laboratory exercises either came
too soon or too late, in relation to the textbook's content, to contrib¬
ute their maximum to the production of understanding,^ Many of our
^Livermore and Ferris, op. cit.. p. 1077.
2
Boeck, op. cit.. p. 23,
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traditional courses, even in this decade, are based on this deductive
type laboratory approach. The students are permitted to learn concepts,
principles, etc., in the classroom and then test these pre-established
or assumed principles in the laboratory.
In the CHEM Study method which this study investigated, the
laboratory approach was the primary difference as compared with the
traditional method. Its laboratory approach was of the inductive type
which permitted students to actually experiment, draw their own conclu¬
sions and then arrive at some basic concept or principle. It made the
"scientific method" come alive, invoked critical thinking, and aroused
curiosity that led to more independent experimentation and investiga¬
tion on the part of the student.
Summary of the Problem and Research Design
From the theoretical basis above, this study emerged to investi¬
gate the effectiveness of two methods of teaching chemistry. These
methods, one employing the traditional method and the other, the CHEM
Study method, were taught to two different classes with intelligence
held constant. The traditional method was taught to the control group
and the CHEM Study method was taught to the experimental group. Each
of these were further divided into below average, average, and above
average sub-groups. By statistical analysis, the researcher hoped to
determine whether or not significant differences in achievement in
chemistry existed between the two groups when data from the A.C.S.-
N.S.T.A. Cooperative Examination - High School Chemistry, Form 1967
were compared.
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Selection of the Subjects
The subjects of this study consisted of three sub-groups within
the two main groups--the experimental and control groups. The experi¬
mental and control groups were chosen due to course assignment based
upon similarity of previous science background. The two classes
involved in this study consisted of juniors and seniors at the John
Harris High School, Harrisburg, Pennsylvania, with no physics back¬
ground and one year of biology. The basis for sub-grouping subjects
was intelligence. Inasmuch as intelligenpe quotients were not avail¬
able for all subjects from their cumulative records, the researcher
administered the Differential Aptitude Test - Verbal Reasoning and
Numerical Ability Parts - Form L to match equivalent groups. The total
score component (VR + NA) raw scores and the corresponding percentiles
as taken from the Manual for the Differential Aptitude Test (DAT) were
used,^
Tables 2 through 5 give a distribution of the raw scores and
percentiles used in the grouping.
The results of the test yielded the below average sub-group con¬
sisting of all students who scored below the fiftieth percentile,
average sub-group consisting of those who scored at the fiftieth per¬
centile and above average sub-group consisting of those who scored
above the fiftieth percentile. The mean norms were based on grade and
sex as reflected in Tables 2 through 5.
George K. Bennett, et al., op, cit.,
TABLE 2
DISTRIBUTION OF RAW SCORES AND PERCENTILE RANKS FOR TWELFTH GRADE GIRLS FROM
DATA ON DIFFERENTIAL APTITUDE TEST (DAT), FORM L (FALL NORMS)
RAW SCORES PERCENTILES
Verbal Numeri- Verbal Numeri-
Basis Reason- cal Per- Reason- cal Total
for Sub- ing Fre- Ability Fre- Total Fre- centile ing Fre- Ability Scores
Grouping (VR) quency (NA) quency Scores quency Norms quency Frequency Frequency
49-50 1 40 85-90 1 99 1 1
47 39 83-84 97
46 37-38 2 80-82 95 2
45 35-36 78-79 1 90 1
43-44 33-34 74-77 85
Above 41-42 2 31-32 71-73 80 1 1
39-40 30 69-70 75 1
Average 38 29 66-68 70 1 1
36-37 1 27-28 1 63-65 1 65 1
34-35 26 59-62 1 60 1
32-33 25 56-58 55
30-31 23-24 2 53-55 1 50 1 2 2
29 1 22 50-52 1 45
Average 27-28 21 1 47-49 40
25-26 1 19-20 44-46 35 1
23-24 1 18 41-43 30 1
Below 21-22 16-17 1 37-40 1 25 1 1
18-20 15 34-36 20
Average 16-17 13-14 30-33 15
14-15 11-12 27-29 10
12-13 9-10 23-26 5
10-11 7-8 19-22 3
0-9 0-6 0-18 1
Total 7 7 7 7 7 7
Mean 30.0 23.3 53.2
S.D. 11.4 8.8 18.9
TABLE 3
DISTRIBUTION OF RAW SCORES AND PERCENTILE RANKS FOR ELEVENTH GRADE GIRLS FROM































47-50 39-40 84-90 99
46 38 1 81-83 97
45 36-37 78-80 1 95 1
44 34-35 1 75-77 1 90 1 1 2
42-43 1 32-33 1 72-74 1 85 1
Above 40-41 5 31 69-71 1 80 4 2
Average 38-39 30 2 67-68 1 75 1 1 1
36-37 1 28-29 64-66 2 70 1 1 1
34-35 1 27 61-63 65 1 1
32-33 1 26 58-60 60 1
30-31 1 24-25 4 54-57 1 55 1 3
29 1 23 2 51-53 4 50 2 3 4
27-28 5 22 49-50 45 3
Average 25-26 20-21 2 45-48 2 40 1 1 2
23-24 19 1 42-44 3 35 4
21-22 2 18 38-41 30 2 1
19-20 16-17 35-37 1 25
Below 17-18 15 1 32-34 20 1 1
Average 15-16 13-14 3 29-31 15 3
13-14 11-12 26-28 10 1
11-12 9-10 22-25 5
9-10 7-8 17-21 3
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49-50 40 89-90 99
48 39 84-85 97
46-47 38 81-83 95
44-45 37 79-80 90
Above 43 36 77-78 85
Average 41-42 35 2 74-76 80 2 1
39-40 33-34 71-73 75 2
38 32 2 68-70 70 2 1
36-37 3 30-31 3 66-67 65 3 3
34-35 3 29 63-65 60 3
33 28 60-62 55 1
Average 31-32 2 26-27 2 57-59 50 4 2 10
29-30 4 25 1 54-56 45 2 1
27-28 4 24 1 51-53 40 2 2
25-26 1 22-23 1 47-50 35 2 1 3
23-24 20-21 2 43-46 30 1
Below 21-22 19 1 40-42 25 1 1
Average 19-20 2 17-18 1 37-39 20 1 2 1
17-18 15-16 1 34-36 15
14-15 12-14 1 31-33 10 1
11-13 10-11 1 25-30 5 1
8-10 8-9 20-24 3
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47-50 1 39-40 2 84-90 1 99 1 1 1
46 38 81-83 2 97 1 1 1
45 1 36-37 2 78-80 95 1 1 1
44 34-35 1 75-77 1 90 2 1
Above 42-43 2 32-33 72-74 2 85 1 1 1
Average 40-41 3 31 69-71 80 3 1 1
38-39 2 30 1 67-68 75 1
36-37 1 28-29 64-66 1 70 1 1
34-35 1 27 61-63 1 65 1 2
32-33 26 58-60 60
Average 30-31 2 24-25 1 54-57 3 55 1
29 1 23 1 51-53 50 1 2
27-28 22 1 49-50 1 45 1 1
25-26 20-21 1 45-48 2 40 1 1
23-24 19 1 42-44 35 1
Below 21-22 18 38-41 30 3 1
Average 19-20 16-17 1 35-37 25 1
17-18 15 32-34 20
15-16 13-14 2 29-31 15 1
13-14 11-12 26-28 10 1
11-12 9-10 22-25 5
9-10 7-8 17-21 3
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From the data as shown, the experimental and control groups were
each comprised of eight subjects of below average ability, nine sub¬
jects of average ability and twelve subjects of above average ability.
These figures refer only to those students who participated during the




The data of this experimental study were collected by the
researcher who taught both groups involved in the investigation. The
data were collected and organized for the purpose of analysis and
interpretation of achievement in chemistry as measured by the A.C.S.-
N.S.T.A. Cooperative Examination-High School Chemistry, Form 1967 as
described under Description of the Instruments.
The criterion of reliability for the statistics of comparison
was accepted as Fisher's "t" test of differences between the means at
the one per cent level of confidence for the appropriate degrees of
freedom as determined by sample size.
Data were applied to the following variation of the Fisher's
t-formula designed for uncorrelated data and more specifically, for
small sample statistics wherein the samples are of equal size;
Ml - M2
N. - 1 )
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Treatment of Data
In treating the data, the researcher utilized the following
procedures:
1. Subjects were divided into Experimental or Control Groups
as discussed under Selection of Subjects. Names were
replaced by nunibers 1, 2, 3 . . . and subjects placed in
tables by descending values of total score components
made on the pre-tests and post-tests given to both groups.
2. Data from total scores component of the DAT (Form L) were
used in sub-grouping as discussed under Selection of Sub¬
jects.
3. Raw scores from the A.C.S.-N.S.T.A. Cooperative Examina¬
tion (pre-tests and post-tests) were arranged in frequency
distribution tables.
4. From the data in the frequency tables of the total scores,




d. Standard error of the difference of the means
e. Fisher's "t"
5. Data showing the results of the test for significant dif¬
ferences between the statistics of the experimental and
the control groups were presented and assembled in tables.
6. The analyses and interpretations of the data as statisti¬
cally treated and assembled in tables were discussed.
Results of A.C.S.-N.S.T.A. Cooperative
Examination-High School Chemistry.
Form 1967 (Pre-test)
The data on the total scores component of the Cooperative
Examination reflecting the performances by the experimental and control
groups on the pre-test are presented in Tables 6 through 8 and discussed
in the paragraphs to follow.
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TABLE 6
COMPARISON OF MEAN SCORES ON ACS-NSTA COOPERATIVE
EXAMINATION-HIGH SCHOOL CHEMISTRY FOR CHEMS AND





Cases Mean S.D. Mj^ - M^ Mj^ - M2 ”t"
CHEMS
(Experimental) 8 -7.00 8.17
^ -4.69 4.89 -0.96
Traditional
(Control) 8 -2.31 6.82
TABLE 7
COMPARISON OF MEAN SCORES ON ACS-NSTA COOPERATIVE
EXAMINATION-HIGH SCHOOL CHEMISTRY FOR CHEMS AND




Groups Cases Mean S.D. M]^ - M2 Mj^ - M2 "t"
CHEMS
(Experimental) 9 -1.53 6.99
1.22 2.82 -1.39
Traditional
(Control) 9 2.75 1.92
Experimental group.—The data for the experimental group of
below average ability rendered a range in scores from -18.75 to -3.75
with a mean score of -7.00. The median was 10.00 and the standard
deviation was 8.17. Five subjects scored above the mean, two scored
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below the mean and one scored within the mean class interval. The
range in scores for the average sub-group was -13.75 to 5.00 with a
mean score of -1.53. Five students scored above the mean, three scored
below the mean and one scored within the mean class interval. The
median was 2.50 and the standard deviation was 6.99. The range of
scores for the above average sub-group was -1.25 to 9,00 with a mean
score of 2,83. Seven students scored above the mean, three scored
below the mean and two scored within the mean class interval. The
median was 4,75 and the standard deviation was 3,59,
TABLE 8
COMPARISON OF MEAN SCORES ON ACS-NSTA COOPERATIVE
EXAMINATION-HIGH SCHOOL CHEMISTRY FOR CHEMS AND





Cases Mean S.D. M, -Mz
S.D.
Mj^ - M2 "t"
CHEMS
(Experimental) 12 2.83 3.59
2.79 2.63 1.0929
Traditional
(Control) 12 -0.04 7.43
Control group.—The data of the control group of below average
ability indicated a range in scores from -13,75 to 3,75 with a mean
score of -2,31, Two students scored below the mean, four scored above
the mean and two scored within the mean class interval. The median
was 2,25 and the standard deviation was 6,82. The range of scores for
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the average sub-group was from -1.25 to 6.25 with a mean score of 2.75.
Two students scored below the mean, one scored above the mean and six
scored within the mean class interval. The median was 2.50 and the
standard deviation was 1.92, In the above average sub-group, the
scores ranged from -12,50 to 13,75 with a mean score of -0,04, Five
scored below the mean, seven scored above the mean and none scored
within the mean class interval. The median was 2.50 and the standard
deviation was 7.43,
Comparative data and "t" ratio for below
average sub-groups of experimental and
control groups
As Table 6 indicates, the mean score of the experimental group
with below average ability was -7.00; for the control group it was
-2,31 with a difference of 4,69 in favor of the control group. The
median score for the experimental group was 10.00 exceeding the control
group by 7,75 over its median score of 2,25. The standard deviation
for the experimental group was 8,17 as opposed to 6,82 for the control
group. The standard error of the difference between the means was 4,89,
The "t" for the data was -0.96. This was not significant
inasmuch as it was less than '=*=2.998 at the one per cent level of con¬
fidence and 7 degrees of freedom,^ Therefore, there is no significant
difference in achievement in chemistry by students of below average
ability in the experimental and control groups.
^Ibid.
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Comparative data and "t" ratio for
average sub-groups of experimental
and control groups
As indicated in Table 7, the mean score for the experimental
group with average ability was -1,53; it was 2,75 for the control
group with the same-ability showing a difference of 4,22 in favor of
the control group. The median score for the experimental group was
2,50; it was also 2,50 for the control group thus, showing no differ¬
ence, The standard deviation for the experimental group was 6,99 and
1,92 for the control group indicating a difference of 5.07 in favor
of the experimental group. The standard error of the difference
between the means was 2,82,
From these data, the "t" value was -1,39, This was not signif¬
icant inasmuch as it was less than l2,89 at the one per cent level of
confidence,^ Therefore, there is no significant difference in achieve¬
ment in chemistry by students of average ability in the experimental
and the control group.
Comparative data and "t" ratio for the above average
sub-groups of experimental and control groups
Table 8 indicates the mean score of the experimental group with
above average ability as 2,83; it was -0,0f for the control group with
a difference of 2,87 in favor of the experimental group. The median
of the experimental group was 4,75 or 2,25 points higher than the
median of the control group which was 2,50, The standard deviation for
the experimental group was 3,59 and 7,43 for the control group or a
^bid.
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difference of 3,84 favoring the control group. The standard error of
the difference between means was 2,63,
These data yielded a "t" ratio of 1,09, This was not signifi¬
cant at the one per cent level of confidence and eleven degrees of
freedom inasmuch as it was less than the significant value of i2,72,^
Therefore, there is no significant difference in achievement in chemis¬
try by students of above average ability in the experimental and con¬
trol groups.
Results of the A.C.S.-N.S.T.A, Coopera¬
tive Examination High School Chemis¬
try, Form 1967 (Post-test)
The data on the total scores component of the Cooperative
Chemistry Examination reflecting the performances by the experimental
and control groups on the post-test are presented in Tables 9 through
11, These data are discussed in the section to follow.
TABLE 9
COMPARISON OF MEAN SCORES ON ACS-NSTA COOPERATIVE
EXAMINATION-HIGH SCHOOL CHEMISTRY FOR CHEMS AND







Mj^ - M2 M]^ - M2 "t"
CHEMS
(Experimental) 8 5,25 3,09
.09 3.25 0.03
Traditional




COMPARISON OF MEAN SCORES ON ACS-NSTA COOPERATIVE
EXAMINATION-HIGH SCHOOL CHEMISTRY FOR CHEMS AND





Cases Mean S.D. Ml - M2
S.D.
Ml - M2 "t"
CHEMS
(Experimental) 9 16.53 8.51
4.36 8.21 0.57
Traditional
(Control) 9 12.17 6.66
TABLE 11
COMPARISON OF MEAN SCORES ON ACS-NSTA COOPERATIVE
EXAMINATION-HIGH SCHOOL CHEMISTRY FOR CHEMS AND





Cases Mean S.D. 11—1
S.D.
M^ - M2 "t"
CHEMS
(Experimental 12 19.73 11.42
5.15 8.95 0.57
Traditional
(Control) 12 14.58 12.23
Experimental group.—The data for the experimental group of
below average ability rendered a range in scores of -3.50 to 8.75 with
a mean score of 5.25. Four students scored below the mean, three scored
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above the mean and one scored within the mean class interval. The
median was 4.38 and the standard deviation was 3,09. The range in
scores for the average sub-group was 2,50 to 27.50 with a mean score of
16,53, Four students scored below the mean, four scored above the mean
and one scored within the mean class interval. The median was 18,75 and
the standard deviation was 8,51, In the above average sub-group, the
scores ranged from 2,50 to 41,25 with a mean score of 19,73. Three stu¬
dents scored above the mean, eight scored below the mean and one scored
within the mean class interval. The median was 11.25 and the standard
deviation was 11,42,
Control group.--The data for the control group of below average
ability rendered a range in scores from -3.50 to 10,00 with a mean score
of 5.16. Three students scored above the mean, four scored below the
mean and one scored within the mean class interval. The median was
4,88 and the standard deviation was 3.21. The range in scores for the
average sub-group was 2,50 to 23,75 with a mean score of 12.17. Three
scored above the mean, three scored below the mean and three scored
within the mean class interval. The median was 11,25 and the standard
deviation was 6.66, Ranging from 1,25 to 41,25, the scores for the
above average sub-group was 14.58, Four scored above the mean, four
scored below the mean and four scored within the mean class interval.
The median was 11,25 and the standard deviation was 12.23.
Comparative data and "t" ratio for the
below average sub-group of experimental
and control groups
The mean score for the experimental group, as indicated in
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Table 9, was 5.25 for the below average sub-group; it was 5,16 for the
control group of the same ability. This shows a difference of ,19 in
favor of the experimental group. The median for the experimental group
was 4,38 whereas the median for the control group was .50 points higher
or 4,88, The standard deviation of the experimental group was 3,09 as
compared with 3,21 for the control group giving a slight difference of
,12 in favor of the control group. The standard error of the differ¬
ence between means was 3.25,
These data yielded a "t" ratio of 0.03, This was not signifi¬
cant inasmuch as it was less than the significant value of i2,99 at
the one per cent level of confidence and seven degrees of freedom,^
Therefore, there is no significant difference in achievement in chemis¬
try by students of below average ability between the experimental and
control groups.
Comparative data and "t" ratio for the
average sub-group of the experimen¬
tal and control groups
Table 10 indicates the mean score for the experimental group
of average ability as 16.53; this exceeds the mean score given for the
control group of the same ability by 4,36, The median for the experi¬
mental group was 18.75 whereas the median of the control group was
7.50 points lower or 11.25. The standard deviations of the experimental
and control groups were 8,51 and 6,66, respectively; these show a dif¬
ference of 1,85 in favor of the experimental group. The standard error
^Jerome C. R. Li, Statistical Inference, Vol, I (Ann Arbor,
Michigan: Edwards Bros., Inc., 1968), p. 602,
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of the difference between the means was 8»21
These data gave a "t" ratio of 0,57. This was not significant
inasmuch as it was less than the significant value of l2,89 at the one
per cent level of confidence and eight degrees of freedom.^ Therefore,
there is no significant difference in achievement in chemistry by stu¬
dents of average ability between the experimental and control groups.
Comparative data and "t" ratio for the
above average sub-group of the experi¬
mental and control groups
From Table 11 it is noted that the mean score for the experimen¬
tal group of above average ability was 19,73; it was 14,58 for the con¬
trol group of the same ability giving an excess of 5.15 points in favor
of the experimental group. The median for both the experimental and
the control groups was 11,25, The standard deviation for the experimen¬
tal group was 12,23 or .81 points higher than that of the control group
which was 11.42, The standard error of the difference between the means
was 8.95.
The "t" for these data was 0,57. This was not significant
inasmuch as it was less than the significant value of ^2.72 at the one
per cent level of confidence and eleven degrees of freedom,^
Summary and Interpretation of the Data
Interpretive data for the average
ability sub-group




of 4,36 between the mean scores of the experimental and control groups
on the post-test in favor of the experimental group. The difference
between the mean scores of the same groups on the pre-test was -1,22
in favor of the control group. Consequently, the control group scored
higher on the pre-test and the experimental group scored higher on the
post-test.
The standard deviation for the experimental group of average
ability and the control group of the same ability showed a difference
of 5,07 on the post-test as shown in Table 7; this indicates that the
experimental group scores deviated further from the mean. The total
scores of the experimental group showed that a distribution curve would
be skewed to the left while one for the control grovp would be posi¬
tively skewed. On the post-test, the standard deviation for the two
groups showed less differentiation as shown in Table 10; both would
more nearly approach normality.
The amount of gain for the experimental group as determined by
a difference of the mean scores on the pre and post-tests, was 13,78,
The gain for the control group was 2,14, The mean score for the
experimental group on the Differential Aptitude Test (DAT) used to
measure the intelligence variable was 55,5; it was 55.1 for the control
group. Thus, with virtually no difference in the intelligence of the
experimental group and the control group, the experimental group made a
greater gain when taught by the CHEM Study method than the control group
taught by the traditional method.
The researcher, therefore, interprets these data as showing
some difference although they were not large enough to be significant.
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As observed in the actual student participation, those students
of the experimental group were generally more enthusiastic in regard to
laboratory work and preparation of laboratory reports. Enthusiasm, as
the researcher uses it to describe all sub-groups, refers to the
reaction of the students to the "discovery" approach of learning where¬
by they find their own answers, explanations and solutions with the
teacher guiding rather than telling. The feeling of accomplishment and
pride at being able to answer the why’s, what's and how's of scientific
phenomena as they observe them, are the propelling factors of their
enthusiasm. The average students asked more probing questions than the
below average and were always anxious to do further investigations of
experimental results. There was great enthusiasm and curiosity dis¬
played during the post-laboratory activities as students shared and
interpreted the results of experiments by graphing, charting and
exchanging opinions. Thus, the researcher contends that the inductive
method promoted greater insight and developed more lasting concepts on
the part of students of average ability. This broadens the findings
of earlier, more sophisticated studies vdiich indicated that the CHEMS
program was geared specifically to the above average and adaptable to
the average.
Insofar as national percentile norms are concerned, the experi¬
mental group of average ability ranked on the post-test from the first
percentile to the seventieth percentile with four scoring above the
fiftieth percentile, one scoring at the fiftieth percentile and four
scoring below the fiftieth percentile. In the control group of average
ability, the students ranked from the fifth to the sixtieth percentile
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with three above the fiftieth percentile, one at the fiftieth percen¬
tile and five below the fiftieth percentile.
Interpretive data for the above
average ability sub-groups
The difference between the mean scores of the experimental and
control groups on the post-test was 1,95 as shown in the comparative
data for the above average group in favor of the experimental group.
Whereas the mean performances for the experimental group were larger
than that for the control group, the standard deviation for the experi¬
mental group was smaller than that for the control group on the post¬
test. This showed that there was a less variable set of total scores
for the experimental group with the scores closer to the mean score.
The standard deviation for the experimental group on the pre-test was
less than that for the control group of the above average ability. This
showed that there was a less variable set of total scores for the experi¬
mental group than for the control group; a distribution curve for the
experimental group would tend to be more of a normal curve whereas one
for the control group would be skewed negatively. The distribution
curve for the post-test for both groups would be approximately normal
with the range of scores being larger for the control group than for
the experimental group. It may be safely assximed that the achievement
of the above average subgroups for the experimental and control groups
was more closely alike than any of the other sub-groups.
However, differences did exist as evident from the amount of
gain made by the two groups. By finding the mean differences between
the pre and post-tests for each group, respectively, it can be seen
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that the experimental group showed a mean gain of 16,90 whereas the
control group showed a mean gain of 14,62. The mean score on the DAT
for the experimental group was 72,75; it was 71.75 for the control
group. That is, there was virtually no difference in the intelligence
of the two groups,yet, the mean gain score was higher for the experi¬
mental group than for the control group. Thus, the researcher contends
that although there were no statistical differences between the two
groups, there were some differences as indicated by these measures of
central tendency and variability.
The researcher noted that the enthusiasm was greatest among
the above average sub-group than in either of the others. Causes for
this enthusiasm rest upon the factors described concerning the average
sub-group. These students required the least amount of assistance with
laboratory work, preparation of laboratory reports and, in general,
produced better reports, and scored higher on course tests. Their per¬
formances consistently showed greater depth of understanding and ability
to make accurate and practical applications of concepts and principles.
Insofar as national percentile norms are concerned, the experi¬
mental group ranked on the post-test from the fifth percentile to the
eighty-fifth percentile with seven scoring above the fiftieth percen¬
tile, one at the fiftieth percentile and four below the fiftieth per¬
centile, The control group ranked from the first percentile to the
eighty-fifth percentile with four above the fiftieth percentile, one
at the fiftieth percentile and seven below the fiftieth percentile.
Interpretive data for the below
average sub-groups
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The comparative data for the below average sub-group showed a
difference of .19 between the mean scores of the below average for the
experimental and the control groups on the post-test; the difference
favored the experimental group. The mean score difference on the pre¬
test for the same sub-groups was 4,69 in favor of the control group.
Thus the control group scored higher on the pre-test and the experi¬
mental group scored higher on the post-test.
The standard deviation for the experimental group was smaller
than that of the control group on the pre-test showing less spread in
scores in relation to the mean score. A distribution curve represent¬
ing the total scores for the experimental group would be negatively
skewed with most of the scores in the left tail of the curve. The
curve for the control group would be negatively skewed with fewer devia¬
tions from the mean. On the post-test, as shown in Table 9, the
standard deviation for the control group was greater than that of the
experimental group. Both curves would approach a normal curve. Thus
the achievement of students within both groups was more consistent on
the post-test than on the pre-test.
The mean score for the experimental group on the DAT was 42.25
and 44,00 for the control group. This showed very slight differences
numerically and no difference statistically. Although there was
virtually no difference in intelligence, the mean gain score for the
experimental group exceeded that of the control group by 4.79. Thus
the experimental group made a higher gain when taught by the CHEM Study
method than the control group when taught by the traditional method.
Again, as with the other sub-groups, the data showed some difference in
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achievement between the experimental and control groups although the
statistical difference was not significant.
The apparent differences may be accounted for by the inductive
approach in the classroom and laboratory methods. However, there was
less observation of enthusiasm displayed by the below average sub¬
group in both the experimental and the control groups but, in general,
the participation in laboratory and post-laboratory activities was
better in the experimental group of below average students than in the
control group of students of the same ability. The below average sub¬
group in the experimental group expressed concern about the level of
reading in the CHEM Study textbook at the outset of the study but, as
the year progressed, they learned to develop concepts and draw conclu¬
sions directly from the laboratory exercises. Consequently, many of
the perplexing passages of the text content were clarified. The below
average students participated in the investigations made beyond the
assigned exercises but lacked the ability to devise the method of
attacking the problem; this probably accounted for the fact that
enthusiasm and independent work were lower for this sub-group.
Insofar as the national percentile norms are concerned, the
below average group ranked on the post-test from the first to the
thirtieth percentile for the experimental group on the post-test; there
were no scores above the fiftieth percentile. The control group ranked
from the first percentile to the thirty-fifth percentile with all
scores falling below the fiftieth percentiles.
CHAPTER III
SUMMARY AND CONCLUSIONS
Summary of Related Literature
Today's schools are properly charged with the responsibility of
meeting the needs of the youth that attend them. However, the curricu¬
lar of our schools have long been under attack as being poorly adapted
to meeting the needs of all the youth. As a result of this realization,
numerous research studies have been made in an effort to discover the
weaknesses of our schools and to make basic revisions that will better
assess the goals of education in general.
Rapid development in fields of science and technology in recent
years has focused the attention of responsible persons and agencies upon
science education that led to efforts to improve science instruction.
Within the last decade, one of these agencies, the National Science
Foundation (NSF) has sponsored many curricular revision projects; two
of these projects concerned with the area of chemistry were the Chemical
Bond Approach (CBA) and the Chemical Education Material Study (CHEMS)
initiated in 1957 and 1959, respectively. The latter, a modern approach
emphasizing the importance of the laboratory in developing chemical con¬
cepts, is the method this study investigated in comparison with a tra¬
ditional method.
Many such studies have been made; The Chemical Education Material
Study Committee performed several studies testing the effectiveness of
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its new materials. The second major trial was made in 1961 involving
13,000 students. "For whom is the course appropriate?", was a primary
question of the study. Considering this question, the CHEM Study com¬
mittee affirmed;
The course is intended to be appropriate for all chemistry
students assuming that most of them are in the upper half
of the school population in academic ability. Analysis of
CHEM Study examinations results suggests the course does
not discriminate unduly against lower ability students.
High student enthusiasm has been reported.^
In a study made by Heath and Stickell during the 1961-62 school
year, CBA and CHEMS were compared with a traditional method to deter¬
mine relative achievement by students in experimental and control
groups. The findings revealed virtually no differences between experi¬
mental and control groups on average SCAT scores.^
In a subsequent study by Robert G. Rainey, two groups of high
school chemistry classes were compared. A conventional method was
used by the control group and the experimental group used the CHEMS
program. Results were judged by performances of the students on the
following tests:
1, A.C.S.-N.S.T.A. Cooperative Examination
2, Final Chem Study Achievement Examination
Rainey found that, although there were some differences, they
were not large enough to be significant. Students of above average
ability made better scores but not to a point of significance.^
^Merrill, op. cit.. p. 30.
^Heath and Stickell, op. cit.. p. 45.
O
•^Rainey, op. cit.. p. 46.
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An Atlanta University graduate, Dennis Holloway, concluded con¬
cerning his study between twenty students using CHEMS experiments and
twenty students using the conventional laboratory exercises:
There is no significant differences in achievement of two
selected groups of eleventh grade students when taught chem¬
istry by use of conventional laboratory exercises as opposed
to those taught by the open-ended approach.^
Summary of Basic Findings
The findings of this study were presented in Chapter Two by
analysis and interpretation of the data assembled in Tables 2 through
11, The findings as summarized herewith are in accordance with the
purposes of the study as stated on page eight.
Findings of the Cooperative Chemistry
Examination (Pre-test)
Results of the A.C.S.-N.S.T.A. Cooperative Examination-High
School Chemistry, Form 1967, which was administered at the outset of
the study substantiate these findings:
1, The mean score for students of average ability in the
experimental group was -1.53; it was 2.75 for students
in the control group of the same ability. The two sub¬
groups showed a difference in the mean score of 4.22
with a standard error of the difference between the
means of 2,82, The resultant "t" of -1,39 was not
significant statistically,
2. The mean score for students of above average ability in
the experimental group was 2.83; it was -0.04 for stu¬
dents in the control group of the same ability. The two
sub-groups showed a difference of 2,87 in the mean score
with a standard error of the difference between the means
of 2,63. The resultant "t" of 1.09 was not significant
statistically.
Holloway, op, cit., p. 37.
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3, The mean score for students of below average ability in
the experimental group was -7.00; it was -2.31 for stu¬
dents in the control group of the same ability. The two
sub-groups showed a difference of 4.69 with a standard
error of the difference between means of 4.89. The
resultant "t" of -0.96 was not significant statistically.
Findings of the Cooperative Chemistry
Examination (Post-test)
Results of the A.C.S.-N.S.T.A. Cooperative Examination-High
School Chemistry, Form 1967, which was administered at the culmination
of the study substantiate these findings;
1. The mean score for students of average ability in the
experimental group was 16.53; it was 12.17 for stu¬
dents in the control group of the same ability. The
two sub-groups showed a difference in mean scores of
4.36, with a standard error of the difference between
means of 8.21. The resultant "t" of 0.57 was not
significant statistically.
2. The mean score for students of above average ability
in the experimental group was 19.73; it was 14.58 for
students in the control group of the same ability.
The two groups showed a difference in mean scores of
5.15 with a standard error of the difference between
means of 8.95. The resultant "t" of 0.57 was not
significant statistically.
3. The mean score for students of below average ability in
the experimental group was 5.25; it was 5.16 for stu¬
dents in the control group of the same ability. The two
sub-groups showed a difference in mean scores of .19
with a standard error of the difference between the
means of 3.25. The resultant "t" of 0.03 was not signif¬
icant statistically.
Conclusions
In view of the findings of this study, the researcher accepts
the null hypotheses that;
1. When intelligence is held constant, there is no signif¬
icant difference in achievement in chemistry by students
of average ability taught by the traditional method and
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those students taught by the CHEM Study method.
2, When intelligence is held constant, there is no signifi¬
cant difference in achievement in chemistry by students
of above average ability taught by the traditional method
and those taught by the CHEM Study method.
3. When intelligence is held constant, there is no signifi¬
cant difference in achievement in chemistry by students
of below average ability taught by the traditional method
and those taught by the CHEM Study method.
Implications
The findings of this study imply:
1, That the inductive laboratory method tends to promote
enthusiasm and independent experimentation and investi¬
gation on the part of students.
2. That students appear more interested in chemistry,
develop lasting concepts and are able to make applica¬
tion of these concepts as a result of "learning to do
by doing,"
3. That, despite the more advanced reading level in the
CHEMS program, students taught by this method are con¬
fronted with little, if any, difficulty in grasping con¬
cepts since less emphasis is placed on textbook content
and more on actual experimentation,
4, That the similarity in the science background of the stu¬
dents involved in this study may have contributed to the
finding of no significant difference in achievement
between the two groups. Thus, it is implied that the
more modern approach is suitable regardless of student
ability, inasmuch as all subjects made favorable gains in
both groups.
Recommendations
With reference to the findings, implications and conclusions
of this study, the researcher recommends:
1. That more educators become concerned about carrying out
conscientious research to investigate the effectiveness
of the CHEM Study program and other modern approaches to
the teaching of chemistry.
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2, That the findings in this study, even though limited,
along with more sophisticated studies of this nature, be
examined by more educators and utilized to maximum advan¬
tage in assessing the high school curriculum,
3, That the CHEM Study program be incorporated into the high
school curriculum either in full or in part as the needs
of the students demand,
4, That textbooks and materials for instruction in chemistry
be up-dated so as to better correlate classroom and labora¬
tory experiences.
Summary of the Study
In their study of two views of emphasizing chemistry, Fernalius
and Rainey reported the decreasing rate of college students majoring in
chemistry and related areas of science,^ A disappointing few, of all
the students whose lives are touched by today's science teachers, are
being motivated into chemistry and science oriented careers. If chem¬
istry is losing its attractiveness on the list of high school electives,
it is time for educators to do something concrete about restoring it to
the vital role it should play in the high school curriculum. If indeed,
as this study of the effectiveness of two methods of teaching chemistry
reveals, there is no significant difference in achievement in chemistry
by students taught by the CHEMS program as compared with a traditional
method, one way to begin this restoration of chemistry may be by
initiating the CHEMS program or its modern techniques into more and
more high school curricula.
%ernelius and Rainey, op, cit., p, 247,
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Do not open this booklet until you are told to do so. Wait for the examiner’s
instructions. Then;
On the SEPARATE ANSWER SHEET, print your name and fill in the
other requested information in the proper spaces.
In the space after Form, blacken the space for the letter L.
Then wait for further instructions.
DO NOT MAKE ANY MARKS IN THIS BOOKLET
The tests contained in this booklet have been designed for use with answer forms pub¬
lished or authorized by The Psychological Corporation. If other answer forms are used,
The Psychological Corporation takes no responsibility for the meaningfulness of scores.
Printed in U.S. A. Copyright 1947, © 1961. All rights reserved as stated in the test manual and Catalog.
4^ Reg. U.S. Pat. Off. The Psychological Coriioration, 304 East 45th Street, New York, N. Y, 10017 65-
How TO Mark an Answer Sheet
The Differential Aptitude Tests have been carefully con¬
structed to help you to learn about your abilities. Careless mark¬
ing of your answer sheets may lower the scores you earn on
these tests. It is therefore important that you follow the re¬
quirements for proper marking of your answers.
1. Use the proper pencil. When answer sheets are scored by
machine, only special lead will register properly. Do not
use ordinary pencils.
2. Make neat, solid marks. A mark which is not solid may be
missed by the scoring machine. A mark which extends out¬
side the proper space may be read as an answer to another
question. Fill in the space completely.
3. Erase cleanly. Poorly erased marks may be picked up as
intended answers. If you wish to change an answer, make
sure you erase completely the mark you want to change.
4. Do not rest your pencil on the answer sheet. This may cause
a stray mark—and stray marks of any kind may be picked
up by the machine as intended answers.
Remember: Careless marks may lower your scores. Correct
scoring requires proper marking of your answer sheet.
Do not make Mark your answers
any marks in




Find the space for Verbal Reasoning on the Answer Sheet.
Each of the fifty sentences in this test has the first word and the last word left out. You are
to pick out words which will fill the blanks so that the sentence will be true and sensible.
For each sentence you are to choose from among five pairs of words to fill the blanks. The first
word of the pair you choose goes in the blank space at the beginning of the sentence; the second
word of the pair goes in the blank at the end of the sentence. When you have picked the pair to
fill in the blanks, mark the letter of that pair on the separate Answer Sheet after the number of the
sentence you are working on.
Example X is to water as eat is to
A. continue drive Drink is to water as eat is to food. Drink
B. foot • enemy is the first word of pair C and food is the
C. drink —— food second word of pair C, so the space under C has
D. girl industry been filled in on line X on the sample Answer
E. drink —— enemy Sheet below.
Now look at the next example.
Example Y. . . is to night as breakfast is to
A. supper —— corner Supper is to night as breakfast is to morning.
B. gentle —— morning Pair E has both supper and morning; supper fits
C. door - corner in the blank at the beginning of the sentence
D. flow ■ enjoy and morning fits in the blank at the end. On the
E. supper —— morning sample Answer Sheet, the space under E has
been blackened on line Y to show that pair E
is the right one.
Now look at the next example.
Example Z. . . is to one as second is to .
A. two middle First is to one as second is to two. First fits
B. first ■ fire in the blank at the beginning of the sentence.
C. queen — hill and two belongs in the blank at the end. First
D. first ——• two and two make up pair D, so the space under D
E. rain ■ fire is filled in on line Z of the sample Answer Sheet.
Fill in only one space for each sentence.





You will have 30 minutes for this test. Work as rapidly and as accurately as you can. If you are
not sure of an answer, mark the choice which is your best guess.
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO.
3
1. is to street as rd. is to 8. is to animal as rind is to
A. St. - city A. husk melon
B. lo. - city B. skin nut
C. St. - road C. skin melon
D. ma. —— road D. man hard
E. St. - France E. husk - nut
. is to cavalry as foot is to 9. . is to cork as box
A , ^ , A
B. horse - infantry B. bottle —
IIQ
— crate
C. horse - yard C. bottle —— hat
D. cemetery yard D. bottle —- fight
E. horse - armory E. brittle —— crate






. is to tusk as deer is to
A. elephant - doe
B. ivory - doe
C. elephant - antler
D. ivory - antler
E. ivory - hunt





















11 is to contralto as tenor is to
A. singer —— song
B. sonata —— baritone
C. solo ■ song
D. solo • baritone
E, soprano ■ baritone
. is to hang as guillotine i
A. gallows - behead
B. criminal behead
C. picture - capitulate
D. picture - behead
E. punish —— citizen
. is to tree as melon is to
A. apple —— vine
B. bush —- vine
C. elm water
D. elm ripe
E. bush - sweet
. is to pea as shell is to
A. green —— nut
B. pod —— crack
C. green —— peel
D. green —— crack
E. pod —— nut
4 GO ON TO THE NEXT PAGE.





















E. vulture crow23 is to river as coast is to .. .
A. flood beach
B. tide - sea
C. bank sea
D. flood sea
E. tide - beach
. is to foot as elbow
A. toe —— shoulder
B. toe —— hand
C. knee hand
D. man ■ hand































E. amendment epilogue27 is to proceed as stop is to
A. recede prevent
B. intercede —— prevent
C. halt go
D. profit go






5 GO ON TO THE NEXT PAGE.
29. is to sea as rebellion is to 36. is to pacifist as religion is to
A. navy —— war A. atlantis minister
B. mutiny - land B. object minister
C. sailor —— war C. atlantis sacred
D. sailor —— soldier D. war atheist
E. river —— revolting E. conscience minister
30. . is to distance as pound is to 37. . is to deft as awkward is to . .
A. far ounce A. clumsy stupid
B. far weight B. hearing stupid
C. travel —— ounce C. hearing ugly
D. rod ounce D. clumsy skillful
E. rod weight E. blindness skillful
31. . is to door as pane is to 38. . is to nut as hook is to
A. lock - window A. bolt eyehole
B. panel —— window B. fruit pitch
C. home —— window C. fruit Ijend
D. lock - glass D. bolt bend
E. wood —— ache E. hazel bend
32. . is to never as all is to 39. . is to land as knot is to
A. seldom - whole A. acre rope
B. seldom - every B. mile sea
C. always -— every C. desert rope
D. seldom - none D. mile meter
E. always -— none E. farm rope
33. . is to future as regret is to 40. . is to bird as shed is to
A. ahead —— past A. fly barn
B. ahead —— sins B. fly dog
C. hope —- past C. fly hay
D. ahead —— atone D. moult dog
E. forecast atone E. migrate barn
34. . is to rain as levee is to 41. . is to physician as secretary is
A. water —— departure A. doctor office
B. water —— rise B. nurse executive
C. water —— wash C. doctor stenographer
D. umbrella flood D. medicine office
E. cloud —— rise E. medicine executive
35 is to fish as gun is to
A. bait —— shot
B. cod —— trigger
C. rod —— shot
D. cod —— bullet
E. rod —— hunt






6 GO ON TO THE NEXT PAGE.



















































Find the space for Numerical Ability on the Answer Sheet.
This test consists of forty numerical problems. Next to each problem there are five answers. You are to
pick out the correct answer and fill in the space under its letter on the separate Answer Sheet. If you do not
find a correct answer among the first four choices, blacken the space under E as your answer. Choice E for
every problem is “none of these’’ which means that a correct answer is not among the first four choices. Only
one answer should be marked for each problem. Do your figuring on the scratch paper you have been given,
and reduce fractions to lowest terms.
The following are examples of problems in the test. The samples of the Answer Sheets show how you are








E none of these
In Example X, 25 is the correct answer, so the
space under the letter for 25—B—has been filled in.
Samples of Answer Sheets
A B C D E
X. 1









E none of these
In Example Y, the correct answer has not been





Remember, each answer must be reduced to its simplest terms. For example, if two choices are 1 and
1 2/4, only the 1 is correct.
DO ALL YOUR FIGURING ON THE SEPARATE SHEET OF SCRATCH PAPER.
You will have 30 minutes for this test. Work as rapidly and as accurately as you can. Do not spend a long
time on any one problem. If you are not sure of an answer, mark the choice which is your best guess.
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO.
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Answer Answer











C 8898 C 1.5
3790 D 8908 D 15





5473 B 2486 .75)2.25 B .03
2987 C 2496 C .3
D 3486 D 3





484 B 11100 3.6):72 B .2
25 C 11900 C 2
D 11700 D 20





2.04 B 153.0 64.7)304.09 B 4.07
.75 C 1530 C 4.7
D 15300 D 47





4.50 B 98.40 .04)4.036 B 10.9
22 C 99.00 C 10.09
D 9900 D 100.9





.025 B .00625 1
. 1 B Vs
.025 C .625 4 ■ 8 C V2
D 1.375 D 2

















D .000256 D «/7
E none of these E none of these









2 ft. 3 in.
28 ft. 11 1/2 in.
17 ft. 5 in.
4 1/2 in.
18. Add
3 lbs. 3 oz.
6 lbs. 7 oz.
7 lbs. 5 oz.














E none of these
A 49 ft.
B 48 ft. 2 in.
C 47 ft. 24 in.
D 48 ft.
E none of these
A 28 lbs. 16 oz.
B 28 lbs.
C 27 lbs. 16 oz.
D 18 lbs.










E none of these
22.
? = 331% of 963
23.
? = 12|% of 816
24.
? = I of 648
25.
15 = 75% of ?
26.
25 = ? % of 125
27.













































E none of these










E none of these





? 50 C 25
D 100








E none of these





? 36 C 35
D 36
E none of these
31. Cube root
^3^32 X 2
37. What one number can replace both question
A 4 marks?
B 8 A 1
C 211/3 4 ? B 20
D 192 ? ~ 100 C 25
E none of these D 200







E none of these




^ ? B 4
? 121/2 C 64
D 100






E none of these





? “ 16 C 16
D 50




= 331/3% ; 2%





E none of these
40.
9 + 1 X 6 - 3





E none of these
STOP.










On the separate Answer Sheet, find the space for Abstract Reasoning. Print your name and fill in the other
requested information in the proper spaces.
In this test you will see rows of designs or figures like those on this page. Each row is a problem. You are
to mark your answers on a separate Answer Sheet as shown in the samples below.
Each row consists of four figures called Problem Figures and five called Answer Figures. The four Problem
Figures make a series. You are to find out which one of the Answer Figures would be the next, or the fifth one
in the series.
Example X.
PROBLEM FIGURES ANSWER FIGURES
\
Note that the lines in the Problem Figures are falling down. In the first square the line stands straight up,
and as you go from square to square the line falls more and more to the right. In the fifth square the line would
be lying flat. So the answer is D, which is indicated on your Answer Sheet by filling in the little space below D.
Samples of Answer Sheets:
Example Y.
A B C D E
ooo»o
PROBLEM FIGURES ANSWER FIGURES
A B C D E
Study the position of the black dot. Note that it keeps moving around the square clockwise: upper left
corner, upper right corner, lower right corner, lower left corner. In what position will it be seen next? It will
come back to the upper left corner. Therefore, B is the answer, and you would mark your Answer Sheet like
this > Samples of Answer Sheets: ABODE ABODE
ii 1 ii 0*000
Remember—You are to select the one figure from among the Answer Figures which belongs next in
the series.
You will have 25 minutes for this test. Work as rapidly and as accurately as you can. If you are not sure
of an answer, mark the choice which is your best guess.
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO,
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PROBLEM FIGURES ANSWER FIGURES
()
A B C c E
2.
o o o o o G O O (D
A B c ID E
3.
1 IL 1L1 ILIL nil im LIL L LlLl
A B C 1D E
4.
H H B s E 0 []























o © © © © 0 •
ABODE
14 GO ON TO THE NEXT PAGE.
PROBLEM FIGURES ANSWER FIGURES
-t- 1 4- 4- EB ffl
— 1 1 □
— — + 1 1 1 □□ 1 1
A B c D E
•••• • • TTT TTT TTTT
•••• iu ••• iiii •••
ABODE
o 0 0 ft
A B C D E
—








A B C D E
\ V
0 7 ft
A B C D E
$ S ft
A B c D E
• • • • • •
• • • • • •
• • • • • •
• • • • • •











• • • • • •
• • • • • •
• • • • • •
• • • • • •
• • • • • •
• • • • • •
• • • • • •






A B c D E
i_ U
□ □ n n n
A B c D E
ft ft >
abode
IS GO ON TO THE NEXT PAGE.














A B c D E
o°° O o
A B c D E
III H III h
A B c D E




A B C D E
'l —
—
A B c D E




□□□□ □ □□ □ □tx □ tx
/ M
© o 0 o






16 GO ON TO THE NEXT PAGE.
PROBLEM FIGURES ANSWER FIGURES
□ □ □□□ A □ □ □
□□ □□ □ □
□ □ □□□ A □ □ □
ABODE
iiiiiiiin nil III! nil
0 ) (
A B C D E
"\// /
A B C O E
A A
17 GO ON TO THE NEXT PAGE.
PROBLEM FIGURES ANSWER FIGURES
1 1 X O O
, 1 X X + + O




o c c a. C7














0 0° n□u 0 0a. o o
— —






a IPil ♦ = E
A B C D E





STOP. YOU MAY CHECK YOUR WORK ON THIS TEST. DO NOT TURN TO ANY OTHER TEST.
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO.











Find the Answer Sheet for Part I of Clerical Speed and Accuracy. Print your name and fill in the other
requested information in the proper spaces.
This is a test to see how quickly and accurately you can compare letter and number combinations. On the
following pages are groups of these combinations; each Test Item contains five. These same combinations
appear after the number for each Test Item on the separate Answer Sheet, but they are in a different order.
You will notice that in each Test Item one of the five is underlined. You are to look at the one combination
which is underlined, find the same one after that item number on the separate Answer Sheet, and fill in the
space under it.
These examples are correctly done. Note that the combination on the Answer Sheet must be exactly the
same as the one in the Test Item.
Test Items
V. M AC AD AE AF
W. aA aB BA Ba
X. A7 7A B7 7B AB
Y. Aa Ba W BA bB
Z. 3A 3B 33 B3 BB
''
Samples of Answer Sheets
AC AE AF AB AD
V. i! 1
BA Ba Bb aA aB
W.i; 1
7B B7 AB 7A A7
X.l
Aa bA bB Ba BA
Y. !i 1
BB 3B B3 3A 33
z. II 1
V
AC AE AF AB AD
000^0
BA Ba 6b aA aB
w 00^00
7B B7 AB 7A A7
X•OOOO
Aa bA b6 Ba BA
Y 0»000
BB 3B B3 3A 33
Z OOOO*
If you finish the items in Part I before time is called, check your work. Do not turn to Part II until you
are told to do so. Work as fast as you can.
You will have 3 minutes for each part of this test. Work as rapidly and as accurately as you can. If you
are not sure of an answer, mark the choice which is your best guess.
DO NOT TURN OVER THE BOOKLET UNTIL YOU ARE TOLD TO DO SO.
PART I
1. nv nx xn vx xv
2. bl dl Id _lb bd
3. ar au ur ra ru
4. wu vu vw wv uw
5. wm urn mu wu mw
6. 79 76 67 69 97
7. ra na nr rn ar
8. za mz zm az ma
9. AV VN NV NA VA
10. O'o CQ QC QO OC
11. CU UU UC US cc
12. 4H 4N NH N4 HN
13. Rr RP El PP rr
14. Aa A8 8a 8A aA
15. LT Tt tT Tl tt
16. Av Vv av VV AA
17. 4d 3c 4a 4c 3a
18. X7 V9 V5 X9 V7
19. A9 7b 79 9b b7
20. 20 25 02 05 52
STOP.
21. ar ra ro or oa
22. Ic lo ol OC CO
23. Is 13 31 3s si
24. ma cm ca me am
25. XV vx vw wx wv
26. ud un nd nu du
27. fk Ik kf If kl
28. pq Ei gP gq qp
29. 2u 2q qu q2 u2
30. 41 44 14 11 40
31. nr ne en rn re
32. bb dd Id db bd
33. RB RD DR BR BD
34. MW MV VW VM WM
35. OD OB BD DO BO
36. PR PB RB RP BP
37. Dd Db dB bB DD
38. EE Ef eF Fe FF
39. Ze Zz ZE zE eZ
41. 7c 9b 9c 9e 7b
42. 7c 2b 7b 2d 7d
43. n3 Sn 3s ns 3n
44. 20 25 02 05 52
45. ec ac ca ce ae
46. 2h h4 42 4h 24
47. av va vo ao OV
CO fa fr ra rf ar
49. ma cm ca me am
50. rc cr CO OC or
51. ch ho he OC oh
52. se rs re es er
53. ar au ur ra ru
54. pq qg IE. gq qp
55. am na nm mn an
56. gj jg Pg jP gP
57. IL et ep pe Pt
58. ra na nr rn ar
59. bb dd Id db bd
61. HN HZ ZH ZN NH
62. RR BR RB BB RP
63. CU UU UC US CC
64. PR PB RB RP BP
65. CK KJ JC KC JK
66. Tl IT 11 Tt TT
67. SX sX sx Xs XS
68. LT Tt tT Tl tt
69. Zz NZ zZ zn
70. GQ Qg qq cro QG
71. 4c la Ic 4d 2d
72. S8 o CO S3 C8 C5
73. A9 7b 79 9b b7
74. 18 81 71 78 17
75. b4 4d db d4 bd
76. u6 u4 4u 6u 46
77. 3x 7x 73 37 x7
78. Is 13 31 3s si
79. en dn de ed nd
80. ni fi fn in nf
81. 35 53 h3 3h 5h
82. bl dl Id lb bd
83. fk Ik kf If kl
84. 69 6d 9d d6 d9
85. XX VX VZ ZV XV
86. E a8 8a 8i ia
87. 79 76 67 69 97
88. nr ne en rn re
89. 4X 4V Vx V4 X4
90. vn VZ ZV nv zn
91. B8 R8 SB RB 8R
92. OQ CQ QC QO OC
93. OD OB BD DO BO
94. ZY ZX XY YZ YX
95. OU OC UC UO CO
96. Cc Oc 00 cO CC
97. Aa A8 8a 8A aA
98. Ze Zz ZE zE eZ
99. BP Pb bP PP bB
100. Cz CZ Zc zC cz40. Zz NZ zZ zn ZN 60. 18 81 la 8a
YOU MAY CHECK YOUR WORK ON THIS TEST. DO NOT TURN TO ANY OTHER TEST,
21
PART II
1. YZ VY vx XY ZY
2. b9 c6 69 96
3. ou oa ua uo ao
4. Ic lo ol oc CO
5. X7 V9 V5 X9 V7
6. Sc 8c 8s cS c8
7. ob bt ot tb bo
8. 5e 3d 4d 2e 2d
9. rc dc dr rd cr
10. w$ sw St tw ts
11. wm um mu wu mw
12. PP qq pq Pg qp
13. nv nx xn vx XV
14. nu un um mn mu
15. zn zz nz nn mn
16. pg gy py yp yg
17. 59 9Y 5Y Y9 95
18. nu on ou un uo
19. ud un nd nu du
20. 41 44 14 11 40
STOP,
21. Rr RP pR PP rr
22. LT IT IL TL Tl
23. MW MV VW VM WM
24. Uu Wu uW WW uU
25. 3x xc c3 cx 3c
26. AV VN NV NA VA
27. YX XX Yy Xy xX
28. EL FL FE LF LE
29. MN NM VN MV NV
30. EE Ef eF Fe FF
31. S8 C8 8C 8S S5
32. h6 h8 86 8h 6h
33. 4d 3c 4a 4c 3a
34. Z4 Z1 14 IZ 4Z
35. Qo Qq OQ oq QQ
36. XC ex ec ce xe
37. ar ra ro or oa
38. 8c 8a 7a 6c 7c
39. us ue se su eu
40. wo ro rw ow wr
41. WU VU VW wv UW
42. er ri ir ie re
43. 31 23 32 13 21
44. 2u qu q2 u2
45. XV VX VW WX wv
46. ae et ea ta te
47. VI SI SV VS IV
48. th he et eh ht
49. za mz zm az ma
50. SX sa ax XS xa
51. Av Vv aV VV AA
52. Mw wW m MM mW
53. 4H 4N NH N4 HN
54. Dd Db dB bB DD
55. S8 83 S3 38 3S
56. XO 00 OX OV ^
57. S8 C8 ^ 8S S5
58. X7 W V5 X9 V7
59. L7 U 17 IL 7L
60. RB RD DR BR BD
61. 18 81 71 78 17
62. Vv Ww Wv wV vv
63. Mm MN NN nn mM
64. b9 c6 69 96 6c
65. 4c la Ic 4d 2d
66. 2h h4 42 4h 24
67. YZ VY VX XY ZX
68. n3 Sn 3s ns 3n
69. wo ro rw ow wr
70. ar ra ro or oa
71. ni fi fn in nf
72. wu vu vw wv UW
73. th he et eh ht
74. am na nm mn an
75. 3x 7x 73 37 x7
76. £ aS 8a 8i ja
77. 59 9Y 5Y Y9 95
78. fk Ik kf If kl
79. ma cm ca me am
80. nv nx xn vx XV
81. se rs re es et
82. 4X 4V VX V4 X^
83. zn zz nz nn m
84. LT IT IL TL Tl
85. 41 44 14 11 40
86. US ue se su ei
87. PR PB RB RP BF
88. Rr RP pR PP rr
89. SX sX sx Xs XS
90. ra na nr rn ar
91. OU OC UC UO CC
92. RB RD DR BR B[
93. XX XO 00 OX OV
94. HN HZ ZH ZN NF
95. Av Vv aV VV A/I
96. CQ QC QO OC
97. Ze Zz ZE zE eZ
98. Qg qq qg QC
99. Mm MN NN nn mb
100. Qo Qq OQ oq QQ
YOU MAY CHECK YOUR WORK ON THIS TEST. DO NOT TURN TO ANY OTHER TEST.
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Sample Question: Sample Answer Sheet:
101. Of what is water composed?
(1) Hydrogen and nitrogen
(2) Carbon monoxide and hydrogen
(3) Hydrogen and oxygen
(4) Sulfur and phosphorus
(5) Nitrogen and oxygen
101 :i i: I ;;
The correct answer is response (3),
"Hydrogen and oxygen. " Answer space
3, therefore, has been marked on the
sample answer sheet.
PART I
(40 minutes)1.Which set of coefficients balances this
equation?
? CH.
, , St ? C.H- , . + ? H_ , .4(g) 3 8(g) 2(g)
(1) 3, 1, 1
(2) 3, 2, 1
(3) 3, 1, 2
(4) 6, 2, 2
(5) 6, 2, 62.Given the equation:
Kr
, , + 3 F- , .(g) 2(g)
KrF
6 (s)
How many moles of fluorine, F2, are







3. Which characteristic is typical of the
elements in Group IIA of the Periodic
Table?
(1) They form 2 ions.
(2) They are strongly electronegative
elements.
(3) The oxides dissolve in water to
yield acids.
(4) The ionic radius is greater than
the atomic radius.
(5) The atomic radius decreases with
increasing atomic number.
4. What is the approximate mass of a mole
of carbon tetrachloride, CCl. ?4
(1) 1.00 gram
(2) 22.4 grams
(3) 47. 5 grams
(4) 83. 5 grams
(5) 154. grams
Go on to the next page.
Page 2
9.A white precipitate results when lead
nitrate solution reacts with sodium
chloride solution. A similar precipitate
results when lead nitrate solution reacts
with hydrochloric acid. What is the







What volume is occupied by 1. 5 moles of
oxygen,, 02’ gas at STP?
(1) 11,, 2 liters
(2) 22.,4 liters
(3) 33.. 6 liters
(4) 44..8 liters
(5) 67,, 2 liters
Three different substances A, B, and
oxygen, are mixed. A two step reaction
occurs:
(a) A + — AO^
(b) B + AO^ — A + BO^






Which bond has the least ionic character?
(1) P —Cl
(2) H —Cl
(3) Br — Cl
(4) S —Cl
(5) Cl — Cl
Which is characteristic of Group VIIA
elements in the Periodic Table?
(1) All are easily oxidized.
(2) All tend to gain one electron.
(3) All are found free in nature.
(4) The attraction for electrons in¬
creases with increasing atomic
number.
(5) The first ionization potential in¬
creases with increasing atomic
number.
10. According to the Arrhenius theory, the
reaction of an acid with a base always
produces
(1) wate r.
(2) an acid salt.
(3) a basic salt.
(4) a precipitate.
(5) a soluble salt.










Which happens to bromine in the
shown by the equation?
reaction
2 BrO"
, . 2 Br“, . + O- , .(aq) (aq) 2(g)
(1) It is reduced.
(2) It is oxidized.
(3) It loses electrons.
(4) It is both oxidized and reduced.
(5) It is neither oxidized nor reduced.




What is the partial pressure of the oxygen,
in a container holding 2. 0 moles of
oxygen, . ,, and 3. 0 moles of nitrogen.
(4) 400 mm Hg
(5) 320 mm Hg
17. What is the molarity of a solution containing
4.9 grams <
of solution?
of sulfuric acid, H^SO^^, per liter





(1) 800 mm Hg (3) 0. 20
(2) 530 mm Hg (4) 0. 10
(3) 480 mm Hg (5) 0. 050
18. At standard pressure, which has the
highest average kinetic energy?







Which group represents particles that
contain the same number of electrons?
(1) HO at2 (g)
0 0 0
(2) H.O, . at2 (s)
1 0 0 0
(3) H_0,,. .at25'’C2 (liq)
(4) H-O,,. , H-O, . at 70-02 (liq) 2 (g)
(5) H-O, .2 (s) H,0,,. . at O'C2 (liq)
19. The compounds, 1-propanol,
CHj-CH^-CH^OH, and 2-propanol,
CHj-CHOH-CH^, are
(1) F, Ne, Na
(2) Mg, Al, Si
(3) Cr, Ar, K*
2- 2- 2-
(4) O , S , Se
2+ 2+ 2+
(5) Ca , Fe , Zn
16. What is the probable formula for the oxide












20. Which is the electronic configuration for
the scandium atom, 21®'" ^
(1) (Ar core)
(2) (Ar core), 4s^
(3) (Ar core), 43^ 3d
(4) (Ne core), 3s^ 3p
(5) (Kr core)





Consider the equation: 24. Given the equation:
CS, . . + 30,, . CO, , , + 2 SO, , .2 (hq) 2 (g) -2 (g) 2 (g) , + 2Cl-,. , —Mg„. . + Cl, , .® (liq) (liq) ®(liq) 2(g)
How many liters of sulfur dioxide gas at How many grams of magnesium metal is
STP is produced from the burning of 38. 1 produced by the electrolysis of 9. 5 grams
grams of carbon disulfide, CS ? (0. 10 mole) of melted magnesium chloride.
MgCl^ ?
(1) 11.2
(2.) 22.4 (1) 0. 12
(3)- 44.8 (2) 0. 24
(4) 48. 0 (3) 2. 4
(5) 76. 0 (4) 3. 6
(5) 4. 8
The equation for the complete combustion
of propane, C H , is
J O 25. The electronic configuration for carbon is
C,H. , . + 50,, . ^ 3 CO, , , + 4 H,0, ,.3 8(g) 2(g) 2(g) 2 (g) Is^, 2s 2p 2p \ 2p Which conceptx^X ^
What is1 the maximum mass of carbon explains the formation of four single
dioxide produced when a mixture of 0.500 covalent bonds in compounds such as
mole of propane and 3. 00 moles of oxygen methane. CH . ?
is ignited? 4
(1) 22. 0 grams
(1) Pi bonding
(2) 29. 3 grams
(2) Hybridization
(3) 44. 0 grams (3) Hydrogen bonding
(4) 66. 0 grams (4)
Bond overlapping
(5) Dative or coordinate covalent(5) 132. grams bonding
A gas has a density of 0.717 gram/liter 26. Note the equation:
at STP. What is the molecular mass in
2-
grams/mole ? AgCl^s ) + 2(8203) (aq) ^ ■^®^®2*^3^2 (aq)
(1) 4. 00
(aq).
(2) 16. 1 7-
(3) 28. 0
If more {S^O^) is added to the system at
(4) 32. 0 equilib
rium, the
(5) 35. 5 (1) amount of AgCl, . increases.
(2) system cannot achieve equilibrium.
(3) rate of forward reaction decreases.




concentration of Ag(S-0. ) , ,2 3' (aq)
decreases.
Go on to the next page.
Page 5
27. Consider the halogen family. Which trend
occurs as the atomic number increases ?
(1) Ionic radii decrease.
(2) Atomic radii decrease.
(3) Electronegativities increase.
(4) Ionization potentials decrease.
(5) Tendency to gain electrons increases.
31. How many sugar molecules are there in
1.00 ml of 0. 100 M sugar solution?
74
(1) 1.20x10
(2) 6. 02 X 10^^
(3) 3. 01 X 10^^
(4) 6. 02 X 10^'^
1 Q




A sampl.e of gas occupies 950 ml at O'C,
720 mm of Hg. Which expression gives
the volume of this sample at standard
pressure? Assume the temperature is
constant.
(1) 950 ml X
720 mm
760 mm





1 . 720 mm
950 ^ 760 mm
1 760 mm
950 ^ 720 mm
(5) 950 ml X 273*K X
720 mm
760 mm
Decomposition of 12 grams of a compound
containing only carbon and hydrogen yields
9 grams of carbon and 3 grams of hydrogen.






32. What is the nature of the carbon-carbon
bond in ethylene, ?
(1) One electron pair
(2) One transferred electron
(3) Two transferred electrons
(4) Four shared electrons
(5) Three shared electrons
33. Note the equation:
2 Fe, , + O, , .(s) 2 2(g) ^^2°3(s)
AH =-200 kcal/mole Fe^O^
If 0. 100 mole of iron reacts, how much
heat is liberated?
(1) 10. 0 kcal
(2) 20. 0 kcal
(3) 50. 0 kcal
(4) 100. kcal
(5) 200. kcal
34. In molecular crystals such as those of
Ne and N^, which type of bonding exists
Which formula is incorrect?
between the molecules?
(1) Ionic
(1) Al2(S04)3 (2) Covalent
(2) BaHCO^ (3) Metallic
(3) Ca{OH)2 (4) Hydrogen
(4) NH^HSO^4 4 (5) Van der Waals
(5) LiH




What is the hydroxide ion concentration,
of a solution having a pH of 4?
1










(5) 1 X 10*^“^ M
Which formula represents the compound
that undergoes addition reactions most
readily?
37. How many grams of copper metal is
deposited from a solution of copper (II)






38. Which electronic configuration represents








1 1 Is , 2s . 2p
H — C
1



















1 (5) Is , 2s , 2p .
H — C — Cl





C (2) Fe^^ Fe^*
H— c; — H
II 1 (3) °2= °3
H — C — H
V/ (4) K*; ArC





+ 3 B 4 C, .(g) (g)
(4)
(5)
H— C — H
H — C — OH
A one-liter container holds at equilibrium
2 moles of A, 3 moles of B, and 4 moles
of C. Which expression gives the value of
the equilibrium constant ? Solve in terms
of molar concentrations.








(3)C = C (eq)/ \
H H
(4) K, v =(eq)





End of Part I.








Li Be B C N O F Ne
1.0 1.5 2. 0 2. 5 3. 0 3. 5 4. 0
Na Mg A1 Si P S Cl Ar
0.9 1.2 1. 5 1.8 2. 1 2.5 3. 0
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
0.8 1.0 1.3 1. 6 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6 1.6 1.8 2. 0 2. 4 2. 8
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
0. 8 1.0 1.2 1.4 1. 6 1.8 1.9 2. 2 2.2 2.2 1.9 1.7 1.7 1.8 1.9 2. 1 2. 5
Cs Ba Lia Hf Ta W Re Os Ir Pt Au Hg Ti Pb Bi Po At Rn
0. 7 0. 9 1.1 1. 3 1.5 1.7 1.9 2. 2 2. 2 2. 2 2. 4 1.9 1.8 1.8 1.9 2. 0 2. 2
Fr Ra Ac
0. 7 0.9 1.1



















































































































































































58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu





























232.038 (231) 238,03 (237) (242) (243) (247) (249) (2r,i) (2.54) (2.53) (2.56) (2.54) (2.57)
Atomic weight values listed in parentheses are approsimate.
DIRECTIONS: Each item consists o£ a stem to which one response is correct among the several numbered
choices given. For each item, blacken the space on your answer sheet that has the same number as that of
the response you have selected as the correct answer.
Whenever possible, arrive at your own answer to a question before looking at the responses. Otherwise,
you may be misled by plausible incorrect responses.
Sample Question: Sample Answer Sheet:
101. Of what is water composed?
(1) Hydrogen and nitrogen
(2) Carbon monoxide and hydrogen
(3) Hydrogen and oxygen
(4) Sulfur and phosphorus
(5) Nitrogen and oxygen
12 3 4 5
101 | ::
The correct answer is response (3),
"Hydrogen and oxygen. " Answer space




41. Consider the melting points of Group VIIA
elements.
F = -223°C; C1 = -101.6’C;
Br = -7.2°C; 1=113.5*C
Which value would be a reasonable pre¬







42. Which procedure is used to determine
when a solution is saturated?
(1) Measure the volume.
(2) Evaporate the solution.
(3) Cool the solution slowly.
(4) Warm the solution slowly.
(5) Add a crystal of the solute.
43. How many mole(s) of calcium carbonate.










+ 12 H-', , + 3 Cr, . + 3 NO--, .(aq) (aq) 3 (aq)
— 6 H-O,,. . + 3 NOCl, , + 2Au^*, .2 (liq) (aq) (aq).
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45. What is the maximum mass of water that
can be produced from 34. 0 grams of
ammonia ?












6 H.O. . + 4 NO, .2 (g) (g)
49.Which is most effective in changing a gas
into a liquid?
(1) Reduce the temperature and pressure.
(2) Increase the temperature and
pressure.
(3) Reduce the temperature and in¬
crease the pressure.
(4) Increase the temperature and
reduce the pressure.




Which is a basic assumption of the kinetic
molecular theory?
(1) Particles are in random motion.
(2) Particles undergo inelastic
collisions.
(3) Particles lose energy with an
increase in velocity.
(4) Particles travel faster as the
temperature decreases.
(5) Particles lose energy when the
50. Which is the correct name for Fe.,(SO.)- ?2 4 3
(1) Iron (U) sulfate
(2) Iron (III) sulfate
(3) Iron (IV) sulfate
(4) Iron (11) sulfite
(5) Iron (III) Sulfite
65
51. The symbol indicates this isotope
48.
temperature increases. contains
(1) 30 protons and 35 neutrons.
Which particle has a mass of approximately
one atomic mass unit?
(2) 35 protons and 30 neutrons.
(3) 35 protons and 35 neutrons.
(1) Proton (4) 65 protons and 30 neutrons.
(2) Electron (5) 95 protons and 30 electrons.
(3) Alpha particle
(4) Carbon-12 nucleus 52. Which particle consists of 13 protons
(5) Oxygen-16 nucleus 14 neutrons, and 10 electrons?
-
(1) Neon atom
What name is given to the reaction between
hydrogen ions and hydroxide ions ? (2) Sodium atom
(1) Hydrolysis (3) Aluminum ion











Among the elements of Group lA, which
orbital provides the electron most used
in bonding ?
23
The mass of 6. 02 x 10 molecules of al
gaseous substance is 49.0 grams. What






(2) 7. 00 liters
(4) sp^ (3) 14.0 liters
(5) sp^ (4) 22.4 liters
(5) 49.0 liters
Which of these compounds exhibits the
greatest covalent character ? 58. What is the mass number of an isotope of
hydrogen consisting of 1 proton, 1 electron.
(1) NO and 2 neutrons ?
(2) MgO (1) 1
(3) CsF (2) 2
(4) NaCl (3) 3
(5) Rb^S (4) 4
(5) 5
Which is STP ?
(1) 0°C and 76 mm of Hg
59. In a homologous series of hydrocarbons,
the third member is C.H„. Which is the
(2) O'K and 76 mm of Hg
(3) 0°K and 760 mm of Hg
3 8
seventh member?
(4) 100°C and 76 cm of Hg (1) c^h^2
(5) 273°K and 760 mm of Hg (2) C^Hj^
(3) C^Hj^
Consider the equation; (4) C^H^g
(5) C.,H.,„2 Al + Fe,0- , . 2 Fe, , + Al.O , .(s) 2 3(s) (s) 2 3(s)
' 7 20
+ 200 kcal 60. Given the equations:
How many grams of aluminum react to











+ 2 H, ,(g)
H.,0, , + 58. 0 kcal2 (g)
H-O, . + 158 kcal2 (g)
How much energy is needed to dissociate
1.00 mole of H^ according to the equation
2(g)
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(5) —C —O —H
64.Note the equations and E° values:





(aq) E” = -0. 76 volt









(5) Fe^*(aq)62.Which best explains how catalysts increase
the rate of a chemical reaction?
(1) They reduce the amount of product.
(2) They increase the amount of
product.
(3) They reduce the amount of reactants.
(4) They raise the temperature of the
reaction.(5)They reduce the activation energy
of the reaction.63.Complete neutralization of 60 ml of 1.0 M
hydrochloric acid, HCl, solution requires
80 ml of sodium hydroxide, NaOH, solution.







65.What is the usual atomic ratio in which






(5) 2:366.What is the probable formula for hydrogen
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Temperature
70.67. In this temperature-time graph for the
heating of H2O at a constant rate, the
segment DE represents the
(1) gas being warmed.
(2) solid being warmed.
(3) liquid being warmed.
(4) liquid changing to gas.
(5) solid changing to liquid.






69. Crystalline potassium chloride, KCl, is a
(1) nonelectrolyte.
(2) covalent compound.
(3) low-melting molecular solid.
(4) solid which conducts current.
(5) nonconducting solid whose melt
conducts current.









71. What is the molecular mass of a gas whose






72. Which particle completes the equation?
13.






73. What is the nature of the bond between
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77.74.One mole of the nonelectrolyte ethylene
glycol is dissolved in 500 grams of water.
What is the freezing point of the solution?
Molal freezing point 1.86*C





(5) -5.58'’C75.Consider the system in equilibrium
2 SO . + 0_ , 2 SO. . . + heat.2(g) 2(g) 3(g)
What might be done to increase the
quantity of SO^ ^ ?
(1) Introduce a catalyst.
(2) Increase the pressure on the system.
(3) Decrease the concentration of
°2 (g)-
(4) Decrease the concentration of
SO,, y2 (g)
(5) Increase the temperature of the
system.




(3) 5. 60 liters
(4) 11.2 liters
(5) 22.4 liters
78. What is the empirical formula of a com¬
pound which contains 80 percent carbon






79. Which term best describes the molecular





(5) Bitetrahedral76.When an atom is changed to a negatively
charged ion,
(1) oxidation occurs.
(2) protons are lost.
(3) electrons are lost.
(4) there is an increase in radius.
(5) the ion becomes a better electron
acceptor.
80. A saturated solution of silver acetate,
-3
CHjCOOAg, contains 2x10 mole of
silver ions/liter of solution. What is the
K for silver acetate?
sp
(1) 4x10
(2) 2 X 10'
(3) 2x10'
(4) 4 X lO'
(5) 2 X 10
End of Test.
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